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Flexible Shafts 
Eliminate 


Unnecessary 


One manufacturer used flexible shafts to re- 
place 35 parts in a Hydraulic Power System 
... cut costs by 90%. Four flexible shafts re- 
placed a 35-part remote-control system... 
simplified design . . . made assembly easier 
. . . eliminated alignment problems .. . im- 
proved performance! 


This is only one of hundreds of remote con- 
trol and power drive problems these quality 


S. S. White Industrial Division, Dept, 4, 


Parts 


flexible shafts are solving in every industry 
today. Can S.S. White flexible shafts help im- 
prove your product? Perhaps make it lighter 
in weight ... cut production costs... elimi- 
nate unnecessary parts? 


If you'd like to know more about flexible 
shafts, the advice of our engineers costs you 
nothing. Just write to 


10 East 40th Street, New York 16, N. Y. 


Western Office: 16839 West Pico Bivd., Los Angeles 6, Calif. 


IN FLEXIBLE SHAFTS y 


Circle 401 on page 19 





Useful data on how to select 
and apply flexible shafts! 
Write for Bulletin 5601, 





‘Design for 
Automatic Lubrication From One Central Point 


oe ALEMITE , 
, Accumatic’ System 


FASTER... FOOLPROOF... LESS COSTLY ! 

















Replace grease cups or 
grease fittings with Accu- 
matic fittings. (Available in 
same thread sizes as grease 





Connect Accumatic fittings 
with copper tubing. (Alemite 
has tubing, clips and acces- 
sories for easy installation.) 


Connect sliding, rotary or os- 
cillating parts into tubing 
system. (Flexible hose and 
swivels for moving parts.) 


fittings, cups.) 











Type 1 Accumatic Valves 

For fluid oil or light grease. In 
range of sizes, delivering from 
.005 to .100 cu. in. of lubricant. 
Various shapes: Tees, straight-thru, 
inserts, angles. Spring pressure 

provides gradual feed. Adisdabhe r 
or fixed output. System serves up 
to 400 bearings. Manual or auto- Provide central pump to sup- 
matic operation available. ply lubricant to system. (Or- 
Factory-tested— dinary hand pump or fully 
field-proved! automatic barrel pump.) 
Grueling field tests show no ap- 
preciable variation in the amount 
of lubricant discharged after 
73,312 lubrication cycles—equal 
to 122 years of twice-a-day service! 


























ALEMITE ACCUMATIC ADVANTAGES! 


e Prevents application of wrong lubri- e Eliminates product spoilage due to 
cant: over-lubrication. 


e Seals completely against damaging e Eliminates point-by-point> lubrication 
dirt, grit and water. methods—services all bearings in one 


¢@ No parts are neglected — lubricates in- operation. 


accessible and dangerous bearings at @ Delivers exact amount of lubricant to 
regular intervals. bearing 


. 4 


- me = Ls 4 Alemite Accumatic Catalog 


Alemite, Dept. R-17 
STEWART oleae ' sie 
1850 Diversey Parkway, Chicago 14, Illinois 


Please send me my free copy of the complete Accumatic Catalog. 
Name 


PAT. OFF 


Address 








A Division of STEWART-WARNER CORPORATION 


City 





Circle 404 on page 19 
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REASONS and you'll controlled porosity 


see why you get better Sirvis mechanical leather 
performance when you 


BETTER 
POROSITY 
CONTROL 


TORQUE 


Specially treated Sirvis- 
Conpor members avail- 
able in C/R Oil Seals 
greatly reduce torsional 
drag, won’t score shafts. 
They provide positive 
sealing over longer service 
life, are completely self- 
lubricating. Write for de- 
tailed information. 


MINIMUM 
FRICTION 


Want low sliding friction 
in hot, fast, high pressure 
applications? Sirvis-Con- 
por cups and packings can 
be custom-treated to your 
most exacting specifica- 
tions. Won’t chatter, score 
cylinders. 


The wide range of Con- 
por treatments... from 
practically unfilled to vir- 
tually non-porous leather 
permits packings with 
exact leakage and lubri- 
cation control, increased 
life. Stable in a wide vari- 
ety of oils, gases, solvents. 


re 


CHICAGO 
RAWHIDE 


CHICAGO RAWHIDE | 
MANUFACTURING COMPANY 


’ 


OTHER C/R.PRODUCTS 
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False Modesty Hurts Editorial 


Human Engineering By Richard S. Barrett 


A review of basic principles in designing for the operator. 


Scanning the Field for ideas 
Grooved heat-exchang 
demand lubrication of shaft bearings 


surfaces tomatic processing of design data— 





Computers as Design Tools By J. Coleman White 
A procedure for evaluating the potential use and need for digital and 


analog computers in engineering department operations. 


Design for Fatigue Loading By Joseph Marin 
Part 1—Significance of mechanical properties of materials in design for 
static loads—simple and combined static stresses. 


Fitting Equations to Experimental Data By A. Bruce Cox 


A simplified numerical method of curve and data analysis. 


Adjustable-Speed Hydraulic Transmissions By Louis G. Jordan 
Basic selection and application factors: transmission types, hydraulic 
circuits, pump and motor selection, control types, typical applications. 


Explosionproof Electrical Controls By Victor Spagnuolo 
Considerations influencing design specification of units for hazardous 


locations: code regulations, cost requirements, space requirements. 


Pipe Bends By D. S. Davis 


Data Sheet—Nomograph speeds calculations for piping layouts. 


Reinforced Plastic Panels By John G. Coffin 


Precise Automatic Positioning By Edward E. Kirkham 


Contemporary Design: Unitized oscilloscope, 108 


Tips and Techniques: Skidproofing triangles and templates, 87; keeping draw- 
ings flat, 87; dust cover, 87; modified erasing shield, 94; pencil point 
cleaner, 94; preventing graphite smudges, 99; laying out small angles, 99; 
protecting drawing edges, 112; keeping tools on the table, 112; drawing 
board surface, 112 
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From 5 basic models you get 10 standard relays 
with the new CLARK Type “PM” Relay line 


SECTIONAL POLE CONSTRUCTION —a new design concept for relays 

— provides units with 2 to 12 poles, with the greatest variety of combinations 

and pole arrangements available in an integrated 10-ampere line, and with 

Pe a minimum of different parts to stock. Extra poles are available in kit form 

The 5 Basic Models — assembled either normally open or closed. Coils and complete magnet 
assemblies are also available in kit form. Stocking of coils is simplified since 

one coil for a given voltage will handle any combination of 2, 3 or 4 poles 

normally open or closed, and for larger relays is correspondingly simple. 


No. 5U-4 


Basic 
4-Pole 


By removing one or two poles, 
the standard 4-pole unit be- 
comes a 2 or 3-pole relay. 





ty a ; stole els 26 & ‘ By adding 2 poles next to 
No. 5U-6 iy ; lols magnet, the standard 6-pole 


J » 2 @ OR i ar he relay becomes an 8-pole unit 
Basic | 2 RSS = SS ety, —the first 8-pole relay avail- 
6-Pole ~" aa E q ‘. able for single deck wiring. 





No. 6UK-8 


Basic 5 & > Frcp ham am Se aia By removing 2 poles from the 
ye) ; ' double-decked 8-pole relay, 

8-Pole ie , - eS you get an alternate 6-pole 
: % 2 of double-deck construction. 
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No. 5U-12 


With 2 poles removed, the 12- 
pole unit becomes the standard 
10-pole relay. Both have iden- 
tical mounting dimensions with 
NEMA standard size 1 starters. 
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19-POLE 12-POLE 





Abe F —a special purpose relay designed exclusively to 
No. SUK-2 - ‘ meet small or unusual space requirements. Overall height less than 3 inches. 


2-Pole ; ce Write for 8-page illustrated Bulletin PL-7305 tor complete 


information on this revolutionary new line of heavy- 
duty relays. Or contact your nearest Clark Distributor, 


) CONTROLLER Company 


1146 East 152nd Street » es Cleveland 10, Ohio 


IN CANADA: CANADIAN CONTROLLERS,LIMITED e MAIN OFFICES AND PLANT, TORONTO 
Circle 406 on page 19 
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Multipurpose Farm Machine 
Automates Soil Conditioning 


PORTLAND, ME.—Automated farm- 
ing is extended by a new multi- 
purpose machine which completely 
prepares and conditions the soil, 
plants seed and packs the earth in 
one operation. A prototype has 
completed a year of testing under 
actual farm conditions. The new 
machine, called Wonsover Model 96, 
was developed by the Norton Port- 
land Corp. and will be manufac- 
tured by Todd Shipyards Corp. The 
Wonsover is censidered comparable 
in significance to the reaper. 

In operation, the 12-ton machine 
is towed by a tractor. A control 
panel on the tractor is attached 
to the Wonsover by an extension 
cord. Pushbuttons on the panel 
give finger-tip control of the ma- 
chine functions. 

The Wonscver will prepare land 
in strips 8 ft wide. Depending upon 
soil conditions, it covers 2 to 5 


B-58 HUSTLER, in one of first official Air Force photos, heads toward its 
operating altitude of 50,000 ft. The Hustler was built by Convair, has four 
G-E J-79 turbojet engines with afterburners. The bomber is 95 ft long and 
has a wingspan of 55 ft. It carries a crew of three. The plane incorporates 
acres an hour. 16 major subsystems, including its own defense system, all virtually auto- 
At the front of the Wonsover matic. Hustler is the world’s first supersonic bomber with the possible ex- 
are bins and tanks from which fer- _—_ ception of a recent Russian plane of lighter weight and shorter range. 
tilizer, lime, weed and pest killer 





are fed. In an attrition cham- 
ber behind them the operations of 
plowing and harrowing are repro- 
duced. Depth of treatment to a 
maximum of 10 in. is adjustable 
by means of hydraulic cylinders 
which raise or lower the machine 
on its wheels. In the attrition 
chamber, liquid fertilizer or pest 
killer from two tanks can be added 
while the soil is in suspension. 

Following the attrition chamber 
is a revolving blade of hard rub- 
ber which smooths the conditioned 
soil and prevents the escape of soil 
moisture. 


More produce per farm man-hour should result from the use of this new Any seeder a farmer may have 
machine, called Wonsover. Simultaneously, it conditions soil and plants ©” be adapted to the seeding bay 
seed in strips 8 ft wide at the rate of 2 to 5 acres per hour. Operations of to plant garden crops, legumes, seed 
the Wonsover are controlled from a panel on the tractor. grains or root vegetables. The de- 
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BRIDGE TESTING MACHINE simulates military traf- 
fic in the development of new structures at the Corps 
of Engineers’ Research and Development Laboratories. 
In the test shown, four medium tanks augment the ma- 
chine and help distribute a load of 888,000 lb on an 
experimental railroad bridge 120 ft long with trusses 
15 ft deep. The machine has two pairs of columns 45 
ft apart which support girders 5 ft deep. The bottom 


U. 8. Army photograph 


girder flange carries four hydraulic rams each capable 
of 100 tons of force. Their positions on the flange can 
be changed to correspond to the actual tread of vehicles. 
Hydraulic pumps supply maximum safe pressure of 7000 
psi to the rams. Electronic cells of 100-ton capacity 
measure applied loads, and electrical strain gages record 
the strain in structural members. Dynamic loads recorded 
by oscillograph equipment simulate moving traffic. 





vice can also be adjusted to plant 
broadcast or in rows. 

A subsoiler, installed as optional 
equipment, is used to improve the 
distribution of moisture. Remotely 
controlled, it can be adjusted to 
a depth of 25 in. 

Seven adjustable-pressure wheels 
pack the soil over the seed. The 
tire treads leave a notched pat- 
tern to prevent erosion. 

The final device at the back of 
the machine will apply spray to 
kill weeds or insects that might be 
blown onto the newly planted soil. 


The ASME Medal for 1956 was 
presented to Harry F. Vickers at 
the Society’s recent annual meet- 
ing. The award is for “distin- 
guished service in engineering and 
science.” Mr. Vickers, president of 
Sperry Rand Corp. and founder 
of Vickers Inc., was cited in par- 
ticular for “pioneering in indus- 
trial oil hydraulics and for notable 
accomplishments in business lead- 
ership.” 
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Society Queries Reveal Need 
For More Gray Iron Data 


CLEVELAND, O.—Engineers want 
better distribution of up-to-date in- 
formation on the design of cast- 
ings and the mechanical and physi- 
cal properties of gray iron. This 
was concluded from returns to a 
questionnaire circulated recently 
by Gray Iron Founders’ Society. 
The answers to 11 questions gave 
engineers the opportunity to ela- 
borate on the theme “How can 
foundries aid product engineers?” 

One question was a multipart 
quiz. You might check your own in- 
formation on gray iron castings 
before turning to the answers on 
Page 25. This is what the Society 
asked: 

1. Given a properly cleaned gray 
iron casting, would you say that aging 
it outdoors several months improves 
machinability or not? 

2. Gray irons are available under 
standard specifications with tensile 
strengths of from 20,000 to psi. 

3. Ductile irons may be purchased 


under standard specifications with 
strengths as high as psi. 

4. What would you say is the maxi- 
mum temperature at which a high 
strength gray iron casting can main- 
tain its load carrying ability? 

5. When used as crankshafts, gray 
iron castings require considerably 
less machining than steel forgings. 
But what about weights? To get 
the needed strength, finished cast- 
ings would have to be approximately 
how much heavier than finished forg- 
ings? 

6. The term “semisteel’” is (1) 
actually steel, (2) there is no such 
thing, (3) high-strength gray iron, 
(4) low-strength gray iron? 

7. How close a tolerance (dimen- 
sional accuracy) can be secured on 
a shell molded gray iron casting? 





Front Cover 


An endurance stress symbol and the 
conventional cube for triaxial stresses 
are combined by artist George Farns- 
worth to express designing for maxi- 
mum fatigue strength. Featured series 
is by Joe Marin starting on Page 88. 





MACHINE DESIGN 





January 24, 1957 


4-WAY VALVES 

FOR AIR OPERATION 
UP TO 150 PSI 
SIZES: V4", %e", V2" Ya", 


: ~ 
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Hanna Air Cylinder Operated 
Flo-Line Double Solenoid Valve 
With Flo-Set Speed Control Valves 


a 


Flo-Line Double Solenoid Valve 


Hanna has designed and built new and unusual features in their Flo-Line Solenoid Valves... . 
features that result in economy, more versatile operation and safety. Here are some of them: 


@ Bubble Tight Spool positively sealed by “O” 
rings. 


Dust-Tight, Splash-Proof Design to seal out 
dirt and moisture, and assure trouble free 
performance. 


Few Moving Parts for longer valve life. 
Full Pipe Capacity for all internal passages. 
Wide Range of Temperatures and Pressures 
—40° F. to 125° F.; 20 to 150 psi air. 
Options permit air pressure to 250 psi and 
even vacuum! 


Enclosed Solenoid Coils for safe operation. 


AC or DC Service, coils are available for 
most voltages and frequencies. 


@ Meets JIC Recommendations in all respects 
when ordered with optional manual over-ride. 


@ Side or Manifold Porting for easy installa- 
tion and convenient piping. 


@ Choice of Spools permits selection of a 
standard valve for most applications. 


®@ Manual Over-ride, an optional feature, allows 

equipment to be tested before final electrical 

installations are made and provides a means 

oo operating the valve in case of electrical 
ure. 


@ Junction Box for ease in making electrical 
connections. 


@ Modern Clean Cut Appearance 


You'll surely want the complete details given in the new Hanna Flo-Line Catalog 
No. 261A. See your classified telephone directory or Thomas’ Register for the name 
of your nearest Hanna Representative—or write us direct. 


Hanna Engineering Works 


HYDRAULIC AND PNEUMATIC EQUIPMENT © CYLINDERS AND VALVES 
1751 N. Elston Ave., Chicago 22, Illinois 


Circle 407 on page 19 
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TAPE CONTROLS FOR STANDARD TOOLS make this conventional 


milling machine fully automatic. 


Developed by Autonetics division of 


North American Aviation and called Numill, the controls include a dis- 
play panel (upper left), a control pendant used by the operator, measur- 
ing gages, and a tape-reader console (lower left). Magnetic tape which 
carries directions for machine motions also flashes information to the 
operator from the panel. North American uses the controls to perform 
drilling, scribing, and contour-milling operations on parts defined in two 
dimensions. Tape data is converted into control pulses at 800 pulses per 
second. Each pulse causes 0.0005-in. straight-line machine motion. Direc- 
tions for a representative part take 12 in. of tape. 





Powder Parts Now Have 
Properties of Wrought Metal 


New York, N. Y.—A new metal 
powder technique, developed at 
Sintercast Corp. of America, pro- 
vides varied compositions tailored 
to specific requirements, in shapes 
typically associated with wrought 
products. Known as  “Sinter- 
wrought,” the new process is said 
to eliminate many of the disad- 
vantages of conventional powder 
and casting methods. 
Sinterwrought products are 
claimed to have greater strength 
and ductility than conventional 
powdered metal products. Close 


8 


control of composition of end items 
and the ability to obtain uniform 
dispersions of critical ingredients 
are also features of the process. 
Original ingredients of the powder 
mixture may be partially or total- 
ly insoluble in each other. 

Typical products are aluminum 
strip and foil made from metal 
powder containing a uniform and 
accurate distribution of a small 
amount of an element needed in 
atomic energy reactors. The strip 
has the density, elongation and 
mechanical strength of convention- 
al rolled aluminum foil. 

Other metals handled by the 
Sinterwrought method include cop- 
per, nickel, cobalt, carbon steel, 





Topics 


Gyroscope testing — with gyro- 
scopes—will be accomplished in 
carrier-based aircraft with a spe- 
cial turntable under development 
by the air arm division of West- 
inghouse Electric Corp. Gyroscopes 
to be tested are mounted on the 
turntable, which is gyroscopically 
controlled to keep it independent 
of ship action. Maximum error 
in measurement is 1/170 of a de- 
gree per second. 

ee ee 

Nike B, a more advanced and 
deadly version of the present Nike 
I, is to be capable of destroying 
entire close formations of aircraft. 
Its range of about 75 miles will 
equal that of a short-range inter- 
ceptor plane. Due to be ready in 
two years, the Nike B missiles can 
be installed in present Nike sites 
after some modification of ground 
equipment. 

ee ee @ 

Building-block kit for automat- 
ing a small plant has been intro- 
duced by Airborne Instrument 
Laboratories. The kit contains 57 
gaging and feedback control units 
for machine tools. 

o a 2 

No parking on the other fellow’s 
nickel will be possible where a new 
Traffic Master meter is installed. 
This money-mad device registers 
“Expired” and waves its red flag 
as soon as an automobile leaves 
the parking spot, regardless of 
prepaid time not used. A light- 
sensitive photoelectric cell is sunk 
in the pavement about 30 in. from 
the curb and wired to a battery- 
operated switch in the meter. An 
auto parked over the cell and a 
coin placed in the meter close the 
circuit. When the car leaves, light 
strikes the cell, the switch is 
thrown and the next motorist is 
foiled. 

ee e @ 


New atomic theory, based on 
lowering instead of raising the 
temperature of atoms, has been 
advanced by Navy Scientist Robert 
Leon Carroll. Dr. Carroll’s theory 
states that as an atom gets colder 
it becomes less active and elec- 
trons gravitate toward the nucleus 
at increasing speeds. He believes 
that if the atom is made cold 
enough, the electrons will plunge 
into the nucleus, releasing its en- 
tire energy. Air Force scientists 
will conduct tests on the Carroll 
theory. 


MACHINE DESIGN 
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How angular power transmission makes 


still another improved design practical 


This cotton picking machine is just 
one of many, many products im- 
proved and made more practical 
through the flexibility of angular 
power transmission. 

Using the angle of transmission 
shown at right, the makers of the 
machine can put a whole row of 
spindles on a bar and drive them 
with a single source. The spindles 
pluck bolls gently from the cotton 
plant and deliver them unmarred to 
a collecting basket. 

Besides this flexibility, bevel gear 


weigh less, 


transmissions usually 





cost less, and carry heavier loads. 

Our engineers are ready at all 
times to help you work out applica- 
tions for bevel and hypoid gears. 

They can discuss such items as 
mountings and lubrication. They 
can produce and test prototypes of 
your drives. 

Finally, they can advise you on 
the proper machinery to use to pro- 
gears in large 
quantities at low costs. 

Please write whenever you have 


duce top quality 


an application in mind. 
Meanwhile, you'll find these Glea- 


son Technical Handbooks helpful: 
20° straight bevel! gear system 
Spiral bevel gear system 
Zerol® bevel system 





The cotton picking machine shown above, uses 
420 of these tapered spindles in its picking drum 
(diagram). The machine slashes picking costs by 
as much as 60%, 


.RASON WORKS 


Builders of bevel gear machinery for over 90 years 
1000 UNIVERSITY AVE., ROCHESTER 3, N.Y. 


Circle 408 on page 19 
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TAPE CONTROLS FOR STANDARD TOOLS make this conventional 


milling machine fully automatic. 


Developed by Autonetics division of 


North American Aviation and called Numill, the controls include a dis- 
play panel (upper left), a control pendant used by the operator, measur- 
ing gages, and a tape-reader console (lower left). Magnetic tape which 
carries directions for machine motions also flashes information to the 
operator from the panel. North American uses the controls to perform 
drilling, scribing, and contour-milling operations on parts defined in two 
dimensions. Tape data is converted into control pulses at 800 pulses per 
second. Each pulse causes 0.0005-in. straight-line machine motion. Direc- 
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Powder Parts Now Have 
Properties of Wrought Metal 


New York, N. Y.—A new metal 
powder technique, developed at 
Sintercast Corp. of America, pro- 
vides varied compositions tailored 
to specific requirements, in shapes 
typically associated with wrought 
products. Known as ‘“Sinter- 
wrought,” the new process is said 
to eliminate many of the disad- 
vantages of conventional powder 
and casting methods. 
Sinterwrought products’ are 
claimed to have greater strength 
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powdered metal products. Close 
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control of composition of end items 
and the ability to obtain uniform 
dispersions of critical ingredients 
are also features of the process. 
Original ingredients of the powder 
mixture may be partially or total- 
ly insoluble in each other. 

Typical products are aluminum 
strip and foil made from metal 
powder containing a uniform and 
accurate distribution of a small 
amount of an element needed in 
atomic energy reactors. The strip 
has the density, elongation and 
mechanical strength of convention- 
al rolled aluminum foil. 

Other metals handled by the 
Sinterwrought method include cop- 
per, nickel, cobalt, carbon steel, 
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Gyroscope testing — with gyro- 
scopes—will be accomplished in 
carrier-based aircraft with a spe- 
cial turntable under development 
by the air arm division of West- 
inghouse Electric Corp. Gyroscopes 
to be tested are mounted on the 
turntable, which is gyroscopically 
controlled to keep it independent 
of ship action. Maximum error 
in measurement is 1/170 of a de- 
gree per second. 
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Nike B, a more advanced and 
deadly version of the present Nike 
I, is to be capable of destroying 
entire close formations of aircraft. 
Its range of about 75 miles will 
equal that of a short-range inter- 
ceptor plane. Due to be ready in 
two years, the Nike B missiles can 
be installed in present Nike sites 
after some modification of ground 
equipment. 
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Building-block kit for automat- 
ing a small plant has been intro- 
duced by Airborne Instrument 
Laboratories. The kit contains 57 
gaging and feedback control units 
for machine tools. 
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No parking on the other fellow’s 
nickel will be possible where a new 
Traffic Master meter is installed. 
This money-mad device registers 
“Expired” and waves its red flag 
as soon as an automobile leaves 
the parking spot, regardless of 
prepaid time not used. A light- 
sensitive photoelectric cell is sunk 
in the pavement about 30 in. from 
the curb and wired to a battery- 
operated switch in the meter. An 
auto parked over the cell and a 
coin placed in the meter close the 
circuit. When the car leaves, light 
strikes the cell, the switch is 
thrown and the next motorist is 
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New atomic theory, based on 
lowering instead of raising the 
temperature of atoms, has been 
advanced by Navy Scientist Robert 
Leon Carroll. Dr. Carroll’s theory 
states that as an atom gets colder 
it becomes less active and elec- 
trons gravitate toward the nucleus 
at increasing speeds. He believes 
that if the atom is made cold 
enough, the electrons will plunge 
into the nucleus, releasing its en- 
tire energy. Air Force scientists 
will conduct tests on the Carroll 
theory. 
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How angular power transmission makes 


still another improved design practical 


This cotton picking machine is just 
one of many, many products im- 
proved and made more practical 
through the flexibility of angular 
power transmission. 

Using the angle of transmission 
shown at right, the makers of the 
machine can put a whole row of 
spindles on a bar and drive them 
with a single source. The spindles 
pluck bolls gently from the cotton 
plant and deliver them unmarred to 
a collecting basket. 

Besides this flexibility, bevel gear 
transmissions 


usually weigh less, 
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cost less, and carry heavier loads. 

Our engineers are ready at all 
times to help you work out applica- 
tions for bevel and hypoid gears. 

They can discuss such items as 
mountings and lubrication. They 
can produce and test prototypes of 
your drives. 

Finally, they can advise you on 
the proper machinery to use to pro- 
duce top quality gears in large 
quantities at low costs. 

Please write whenever you have 
an application in mind. 

Meanwhile, you'll find these Glea- 


son Technical Handbooks helpful: 
20° straight bevel gear system 
Spiral bevel gear system 
Zerol® bevel system 


The cotton picking machine shown above, uses 
420 of these tapered spindles in its picking drum 
(diagram) . The machine slashes picking costs by 
as much as 60%. 


ASON WORKS 


Builders of bevel gear machinery for over 90 years 
1000 UNIVERSITY AVE., ROCHESTER 3, N.Y. 
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stainless steel, and alloys of these 
metals. Recent experiments indi- 
cate that metals of increasing in- 
dustrial significance, such as 
columbium, titanium and zircon- 
ium, may soon be added to the list. 


Miniature Gyroscope 
Uses Meter Motor 


BALTIMORE, Mp.—A_ d’Arsonval 
torque motor is being used by the 
Westinghouse air arm division in 
a miniature gyroscope especially 
for fire-control systems. The 
torque motor is one of four funda- 
mental components that make up 
the gyroscope assembly. The other 
components are the gyroscope spin 
motor, the position detector, and 
the damper. 

This gyroscope is a single-degree- 
of-freedom instrument employing 
a fully-floated gimbal. By virtue 
of damping provided by a viscous 
flotation oil, it may be employed 
not only as a rate gyro, but as 
an integrating gyro. 

When the gyro is subjected to a 
rotation, the spin motor produces 
a torque proportional to the rate 
of rotation, causing the gimbal to 


TROLLING AT MACH 1.0 is the mission of this new tow target installed on 
a Northrop Scorpion F-89 interceptor. The fiber glass, torpedo-shaped tar- 
get spins on cable 5 miles behind the tow plane. The stranded cable, made 
by American Chain and Cable Co., is 3/64-in. in diameter, has a breaking 
strength of 375 lb. The target is 20 in. in diameter, 10 ft long, weighs 15 Ib. 
Spinning, caused by canted fins, assures good register on radar. The target 
is shaped like a torpedo to minimize drag and shatters when hit. 





rotate relative to the gyro case. 
This motion is detected by the 
position detector. By means of a 
feed-back amplifier, a current is 
delivered to the torque motor. The 


torque motor generates the re- 
straint necessary to balance pre- 
cession torque. The current fed to 
the torque motor is proportional 
to angular rate. The same current 





RADAR PICKET SHIP, USS Camp, is representative of 
destroyer escorts being converted to scan the sky at 
sea. Before mid-1957, 36 picket ships will join the active 
fleet. Each ship will carry air-search radar, height finder, 
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Official U. 8. Navy photograph 


sea-search radar, antiaircraft and antisubmarine weapons. 
The ships will co-ordinate their operations with land- 
based stations nearest their assigned positions at sea 
and help comprise the offshore warning service. 
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NINE REASONS WHY DISC PLOW 
BALL BEARINGS MEAN SAVINGS 


SAVINGS FOR THE MANUFACTURER! 

1. New Departure disc plow ball bearings re- 
quire no adjustment for wear or preloading 
—eliminate threaded spindles, nuts, and 
washers. 

Bearing seats can be bored in a single 
chucking. Machining is simplified; bearings 
accurately aligned. 

. Smooth-finished surface of extended bearing 
inner ring provides perfect contact surface 
for triple-lip seal. No special grinding needed. 

4. Assembly is simple, foolproof, lower cost. 


SAVINGS FOR THE FARMER! 


1. New Departure disc plow ball bearings 
are sealed and prelubricated . . . require 


no time for service or for relubrication. 


. There’s no down time because of loss of 


adjustment. 


. All discs mounted with ball bearings remain 


fully adjusted . . . no unplowed strips be- 
tween furrows. 


. Because there is no need to expose bearings 


5. 


for adjustment, there’s no danger of bear- 
ing contamination. 


Discs mounted on ball bearings turn more 


freely, balance disc wear better . . . give 
longer disc life. 


Write New Departure today for bearing 
mounting information for the farm equipment 
you are most interested in. ' 


SEE '"WIDE WIDE WORLD"’ SUNDAYS—NBC-TV 


BALL BEARINGS MAKE GOOD PRODUCTS BETTER 


NEW DEPARTURE e@ DIVISION OF GENERAL MOTORS e@ BRISTOL, CONN. 
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VANGUARD ASSEMBLY TOOL 
is this new building appended to 
plant No. 1 of the Martin Co., 
prime contractor for the three-stage 
rocket. The building is 29 ft wide, 
35 ft long, 97 ft tall. Two Van- 
guards, 72 ft high, can be assembled 
inside at the same time. The build- 
ing will also be used for simulated 
static firing of the vehicle. Folding 
floor boards at working levels per- 
mit Vanguard to be removed intact. 
The building itself can be disassem- 
bled and erected elsewhere. 





is a measure of the angular rate 
of change of angular position in 
space, and is the output of the 
rate gyro. 

When employed as an integrating 
gyro, the damper provides the 
gimbal restraint, and the torque 
motor is then used to command the 
gyro. The output in this case is 
obtained from the position detector 
and is the time integral of the 
rate of change of angular posi- 
tion. 

Of particular interest is the con- 
centric construction of the torque 
motor, designed for ease of assemb- 
ly. The rotor is a low-inertia, non- 
magnetic coil form. A preformed, 
flat coil is fastened on the rotor 
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so that all conductors lie on the 
surface of a cylinder. The work- 
ing conductors also lie parallel to 
and at a constant radius from the 
rotor axis. Surrounding this mov- 
able coil is a stationary structure. 
The stator consists of a perma- 
nent magnet mounted within a 
flux-return ring which surrounds 
the rotor. The magnet provides 
a constant flux field in which the 
rotor winding operates. At the 
same time, the motor provides high 
torque and also linear torque-to- 
input current characteristic typical 
of the d’Arsonval movement. The 
motor develops torques greater 
than 3000 dyne-cm without any 
signs of saturation or hysteresis. 


Predicts Production Increase 
Will Shrink Factory Size 


DETROIT, MicH.—Fifty years from 
now, factories will be smaller than 
today’s giant plants, predicts Ralph 
E. Cross, executive vice president 
of the Cross Co, 

“This will be possible because 
of the industrial use of atomic 
power and the development of 
greater manufacturing flexibility, 
coupled with higher productivity. 
It will be economically sound and 
physically possible to build goods 
better and faster with smaller 
plants,” he said recently. 

“Business now is placing a great- 
er emphasis on forward planning 
and on the elimination of obsoles- 

This forward planning 
and the introduction of new tech- 
nology are generating new jobs 
with important regularity.” 

Mr. Cross believes the use of 
the “building block’ principle of 
machine design and construction 
will increase, resulting in more au- 
tomated assembly lines as indus- 
tries change over to this new cost- 
reducing equipment which provides 
flexibility for part design changes. 
He also said that preventive main- 
tenance programs will grow strong- 
er and “designed-in” ease of main- 
tenance will receive more attention 
from engineers. 


Pay of Engineers Grows 
Faster Than Other Groups’ 


WASHINGTON, D.C. — Earnings of 
engineers and other professional 
employees were 8.6 per cent higher 
in 1956 than in 1955. This is re- 
ported in an American Manage- 
ment Association survey for the 
period May, 1955, to May, 1956. 
The survey covered 31,400 engi- 
neers, scientists and administrative 
employees in 49 different activities 
at five levels. In the correspond- 
ing period one year earlier, earn- 
ings increase had been 4.5 per cent. 

The survey showed that the in- 
crease was higher for engineers 
than for any other group covered. 
Engineers with less than one year 
of experience reported a median 
salary of $5300 per year. Those 
with experience from one to three 
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... Lorrington can make 
your small precision metal parts 


faster, better and for less 


than you can make them 
or buy them elsewhere 


These are typical of parts that Torrington produces daily 
by the hundreds or millions. If you use similar small pre- 
cision parts, find out today how much you can save and 
the quality you can get by letting Torrington make them. 
Mail the coupon for the Torrington Small Precision Parts 
Condensed Catalog or to have a representative call. Even 
better, send a sketch, blueprint or sample part and we will 
give you a prompt quotation which will mean substantial 
savings to you. 
THe TORRINGTON Company ¢ Specialties Division 
626 Field Street, Torrington, Conn. D 
TORRINGTON = 
SPECIAL METAL PARTS ¢ ‘/ 


/\ 
Makers of Torrington Needle Bearings \ / 


eeeeveeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeese 


The Torrington Company — Specialities Division 
626 Field Street, Torrington, Conn. 


O Please send the Torrington Small Precision Parts Condensed Catalog. 
0 Please have representative call. 
OC Please send a quotation on enclosed sketch, blueprint, part. 


Name Title 





Company 
Address 
City 
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FLEXIBLE 
COUPLINGS | 





Standard Duty Types 
.05 to 40 hp. at 1750 rpm 


Medium and Heavy Duty Types 
2.6 to 810 hp. at 100 rpm. 


Radially 

Removal 

Types 

1.9 to 30 hp. at 
100 rpm.—2 to 

40 hp. at 1800 rpm. 


Flange-Mounted 
Types 
11 to 740 hp. at 
900 rpm. 


Put Trouble-Free Performance 
Into Your Equipment 


COMPARE THESE FEATURES: 


@ A type and size perfectly suited to 
your application. 


@ Year-after-year dependability, re- 
gardless of load or operating con- 
ditions. 


Completely machined for ease and 
speed of alignment. 


No lubrication required. 


Simple, rugged construction—few 
parts and no intricate mechanisms. 


Cushioned power transmission— 
load is transmitted through 
cushioning materials—no wear on 
the metal jaws. 


Double-life cushions—one half the 
cushions act as idlers, except on 
reversing loads—quick interchange 
provides a new set of cushions. 


Cushions are engineered to the load 
and service conditions. 


Ask Lovejoy to recom- 
mend the exact flexible | 
coupling for your ap- 
plication. No obliga- 
tion. Request catalog. 


LOVEJOY FLEXIBLE COUPLING CO. 


4818 WEST LAKE STREET « CHICAGO 44, ILLINO!S 
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years earned a median $6500 per 
year. 

In the highest salary ranges, 
earnings of different groups over- 


lapped. It was noted that engi- 
neers are less likely to receive 
bonuses than the members of mid- 
dle management. 





Movement of the world’s first electric wrist watch (right) is shown with 
movement of manually-wound watch. Created by the Hamilton Watch Co., 
the electric watch has one-third fewer parts and requires no winding 
or agitation. Large circle in top center of electric watch is a battery, called 
Energizer, which replaces the conventional mainspring. 


First Electric Wrist Watch 
Has New Basic Timer Design 


NEw York, N. Y.—The first basic 
change in watch construction in 
almost five centuries is featured 
in the Hamilton Watch Co.’s new- 
est product, introduced Jan. 3. 
This is the world’s first electric 
wrist watch to be made available 
to the public. 


The radical design of the electric.» 


watch completely eliminates the 
mainspring, an integral part of 
portable time-keeping devices since 
it was invented in 1480 by Peter 
Henlein of Nuremberg, Germany. 
The new watch is the only one in 
existence which runs without wind- 
ing or without periodic agitation, 
according to Hamilton. 

The electric watch is driven by 
a battery which energizes a coil 
of fine wire fixed on a balance 
wheel. The electrical energy, 
through interaction with perma- 


nent magnetic fields, causes the 
balance wheel to oscillate. This os- 
cillation is the mechanical motion 
which runs the watch. 

A significant difference between 
the Hamilton motor and a con- 
ventional electric motor was point- 
ed out by Dr. John Van Horn, 
Hamilton’s director of research and 
development. The new power plant, 
he said, combined with a balance 
wheel, permits the flow of energy 
to be strictly controlled. As a re- 
sult, the rotation of the hands 
can be held to an accuracy of more 
than 99.995 per cent. 

The coil is made of wire five 
times finer than human hair. Tiny 
magnets used in the electrical sys- 
tem are made of platinum alloy. 
They are said to have the highest 
energy content of any magnet in 
the world today. The Hamilton elec- 
tric watch is more nearly free from 
disturbance by stray magnetic 
fields than any other watch, ac- 

(Continued on Page 22) 
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WITH DRAFTING ROOM SPACE AT A GROWING PREMIUM... 


Put Six Draftsmen in the Space Now Occupied by Four 


YET GIVE EACH MAN MORE EFFICIENT, COMFORTABLE WORKING ROOM... 





CONVENTIONAL 
ARRANGEMENT 








AUTO-SHIFT 
ARRANGEMENT 





Save Space—Get More Use from Present Area. The 
same floor space (about 250 square feet) taken up by 
four boards with separate reference desks will easily 
accommodate six Auto-Shifts. Auto-Shift combines a 
board and reference desk in one compact unit. The 
draftsman uses the board of one table for drawing, 
uses the large surface and drawers of the table behind 
him for reference. 


Eliminate Waste Motion—Save Man Hours. Auto-Shift 
eliminates needless detours for reference material and 
supplies. The draftsman merely turns on his stool for 
quick, easy access to the reference surface or drawers 
of the Auto-Shift table behind him. 


Reduce Draftsman Fatigue— Boost Productivity. Auto- 24s : ae 

Shift provides fast, easy board adjustment—lets the ” , : - 
draftsman change working position often for greater Only Auto-Shift Offers You These 3 Big Advantages! 

comfort and efficiency. Foot release frees top for fast, 
convenient height adjustment. Hand release permits 
quick, easy slope adjustment—slight fingertip pres- 
sure sets counterbalanced top at any desired angle. 
Seated or standing, draftsman can reach any part of quickly and easily. 


the board without strain. 
; “Sipe? : P - Onl -Shift let. t 
Mail coupon today for detailed information on the im- " poe Se bm PM spar work on any part of the 


portant savings offered you by Auto-Shift. 


1.Only Auto-Shift offers instantaneous, positive adjust- 
ment of slope. 

2.Only Auto-Shift provides instantaneous height adjust- 
ment, lets draftsman switch standing or sitting positions 


Ask your Bruning representative for information about the Bruning- 
Hamilton free analysis and planning service for improving your draft- 
ing operation—or use coupon below. No obligation. 


(BRUNING) | siemens 


O Please send me information on Hamilton Auto-Shift Tables. 


America’s Leading Supplier of Engineering and Drafting Equipment 0 Send me information on the Bruning-Hamilton free analysis and 
planning service. 








ee Title. 





Offices in 37 Principal Cities of the U. S. and Canada 


c 


CHARLES BRUNING COMPANY, 4700 MONTROSE AVE., CHICAGO 41, ILL. | Ade 


in Canada: Charles Bruning Company (Canada) Ltd., 105 Church St., Toronto 1, Ont. City. 
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The New Brown & Sharpe 
° . No. 00 Automatic Screw Machine 
"che brass part illustrated below the diagram is produced on the , with Fafnir-equipped spindle. 


new 00 Brown & Sharpe Automatic Screw Machine in 7 


seconds. That represents a 42% increase in production over the 
previous model. 


To step up production by such a substantial percentage 
involved the development of new and exclusive features for 
the 00 machine over and above those proven so successful on 
the previous model. Included among them is the chain-driven, 
ball bearing spindle ... see large diagram above. 


In the selection and application of the bearings for the 00 
spindle, Fafnir engineers worked with Brown & Sharpe engi- 
neers. The 208 speed combinations from a high of 7200 RPM 
to a low of 34 RPM, permitting high cutting efficiency on a 
wide range of materials, presented no ordinary probiem for 
bearings. The bearing arrangement shown meets an exacting 
demand for maximum radial and axial rigidity to assure true 
balance and running accuracy of the spindle. 


Could be there’s no place in your machines for these super- 
precision bearings. But, whenever bearings are involved, there’s 
certainly a place in your product planning for the Fafnir 
“attitude and aptitude” — a way of looking at bearing prob- 
lems from the designer’s viewpoint plus coming up with the 
right bearing to fit the need. Ask your Fafnir representative 
for details. The Fafnir Bearing Company, New Britain, Conn. 


FAFNIR 
BALL BEARINGS 


MOST COMPLETE LINE IN AMERICA 
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Editorial and Advertising content classified by subject and listed by page num- 
ber for convenience when studying specific design problems. For further 
information on subjects advertised, refer to advertisement and circle Item Num- 


ber on a Yellow Card—following page. 





Accelerometers, Edit. 168 
Actuators, Adv. 164 
Adhesives, Edit. 148 
Agriculture equipment, Edit. 5 
Aluminum and alloys, Adv. 50 


Balls, Adv. 26 
Bearing materials, Adv. 187 
ball, Edit. 157; Adv. 11, 
16, 59, 141, 157, 188 
miniature, Adv. 141 
needle, Adv. 21, 117 
rod-end, Adv. 194 
roller, Edit. 157; Adv. 59, 63, 166, 


back cover 
sleeve, Adv. 32, 190, 194 
Adv. 59 


Belts, conveyor, Adv. 60, 162 
en Adv. 44, 60, 157, 175, 


Blowers, Edit. 138; Adv. 178, 192 
Books, Edit. 172 

Brakes, Adv. 27, 185 

Brass (see copper and alloys) 
Bronze (see copper and alloys) 
Brushes, commutator, Adv. 182 
Bushings, Adv. 59 


Carbides, cemented, Adv. 200 
Carbon and graphite parts, Adv. 146 


Castings, Adv. 54 
die, Adv. 74 
investment, Adv. 155 
iron, Edit. 6; Adv. 138 


Chain, conveyor, Adv. 152 
transmission, Adv. 156, 194 


Clamps, Edit. 134, 152 

Classified ads, Adv. 168, 176, 196, 198 
Clutches, Edit. 186; Adv. 27, 180 
Cold forming, Adv. 62 

Computer components, Edit. 130 
Computers, Edit. 83; Adv. 147 
Control systems, hydraulic, Adv. 140 
oa i automatic, Edit. 120; Adv. 


electric, Adv. 28, 38, 57 
electric, explosionproof, Edit. 109 
hydraulic, Adv. 72 


Copper and alloys, Adv. 56, 131 
Couplings, shaft, Adv. 14, 149, 181 


Data, fitting equations to, Edit. 95 
Data processing, automatic, Edit. 82 
Drafting equipment, Edit. 165, 168, 
170; Adv. 15, 119 
Drag-torque mechanism, Edit. 182 
Drilling units, Adv. 197 
Drives, adjustable speed, Edit. 164; 
Adv. 144, 169, 185, inside back 
cover 
reversible, Edit. 182 


Dynamometers, Adv. 185 


aa , equipment (see specific 
ype 
as Hie department (see Draft- 


Engines, Adv. 46 

Equations fitted to data, Edit. 95 

Explosionproof electrical controls, 
Edit. 109 


Facilities, general, Adv. 170 
Fasteners, Edit. 161 
blind, Edit. 155; Adv. 40 
bolts, nuts, screws, Edit. 136, 148, 
158; Adv. 22, 42, 62, 145, 150, 
191, 193, 195 


Feeders, parts, Adv. 132 
Filters, Adv. 30, 151, 168 


- * pi tube and hose, Edit. 
136; Kav. 70 


Forgings, Adv. 68 
Friction materials, Adv. 60 


Gages, pressure, etc., (see Instru- 
ments) 
Gaging units, Adv. 136 


Gear shaping, Adv. 9, 41 
Gears, Adv. 138 

Geneva drives, Edit. 146 
Governors, Edit. 186 
Gyroscope, miniature, Edit. 10 


Heads, machine, Edit. 162 
Heat exchangers, Edit. 81; Adv. 191 
Heaters, Edit. 130; Adv. 143 


Hose, metallic, Adv. 34, 186 
nonmetallic, Adv. 34, 70 


Human engineering, Edit. 76 
~~ equipment (see specific 
ype 


Inspection, Edit. 182 
em Edit. 154, 157, 161, 168, 


Lubrication equipment, Edit. 82; Adv. 
1, 30, 134, 148, 179 


Machines (see specific type) 
Magnesium and alloys, Adv. 136 
— handling equipment, Edit. 


Meetings, Edit. 28 
Metals (see also specific type) 
Metals, Adv. 48, 66 
Metalworking equipment, Edit. 176 
Motors, electric: 
brakemotors, Edit. 143 
fractional and integral hp, Edit. 
158; Adv. 23, 135, 183, inside 
back cover 
gearmotors, Edit. 154, 157; Adv. 
165, 174, inside back cover 
subfractional hp, Adv. 165 
Motors, hydraulic, Adv. 72, 158 


eae tae vibration and shock, Adv. 


Oscillographic recorders, Adv. 147 
Oscilloscope, accessible, Edit. 108 


Packings, Adv. 2, 60, 146, 154, 177 
Pipe bends, Edit. 113 

Plant equipment, Edit. 178 

Plastic panels, reinforced, Edit. 114 
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Plastics, Edit. 114, 144 
Pneumatic equipment (see specific 
type) 


Potentiometers, Edit. 143 
—— metallurgy, Edit. 8, 160; Adv. 


Processing equipment, Edit. 180 
Pulleys (see also Sheaves), Edit. 138; 
Adv. 157 


Pumps, Edit. 130; Adv. 73, 189 
— Edit. 140; Adv. 72, 140, 


Reducers, speed, Adv. 31, 47, 49, 192 


Regulators, flow, Adv. 153, 193 
pressure, Adv. 30, 151, 192 


— Edit. 130, 150, 157; Adv. 4, 
Rubber, Adv. 55, 195 


Seals, Edit. 157; Adv. 198 
mechanical, Adv. 2, 25, 146, 195 

Separator, liquid-gas, Edit. 146 

Shafts, flexible, Adv. inside front 

cover 

Sheaves (see also Pulleys), Adv. 178 

Silicones, Adv. 195 

Small parts, Adv. 13, 59 

Solenoids, Edit. 140; Adv. 69 

Spindles, Edit. 162; Adv. 36 

Sprockets, Adv. 156, 194 

Starters, motor, Adv. 172 

Steel, Adv. 68, 133, 159, 171, 201 
stainless, Adv. 37, 53, 72, 159 


oom Edit. 130; Adv. 57, 64, 127, 
1 
Systems, hydraulic, Adv. 129 


Tapping units, Adv. 197 

Testing, Edit. 182 

Thermostats, Edit. 144, 162; Adv. 57 
Timers, Edit. 14, 134, 165; Adv. 193 
oe techniques, Edit. 87, 94, 99, 


Titanium and alloys, Adv. 136 
Torque converters, Adv. 52 


Transmissions, adjustable speed, 
Edit. 100, 150; Adv. 161, 163, 178 
Tubing, Adv. 123, i60 


Universal joints, Adv. 160 


Valves, Edit. 152; Adv. 24, 173, 197 
hydraulic, Adv. 125, 140 
pneumatic, Edit. 132, 160; Adv. 7, 

43, 184 


Washers, Adv. 29, 59 

Welding, Adv. 142 

Wire and wire products, Adv. 162 
Wrist watch, electric, Edit. 14 


Zine and alloys, Adv. 74 
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CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise- 
ment carries an Item Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature irems are 
also numbered, and for greater convenience are indexed below by Item 
Numbers. 

EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 
we'll be glad to send a personal copy of any article as long as the 
supply lasts. Just fill in the page number and title of article in the 
place provided on the Yellow Card. 








Index to New Parts & Helpful Literature 


BY ITEM NUMBERS 





HELPFUL LITERATURE— descriptions start on page 124 


ITEM 
NUMBER 
Polyester Film Adhesives ....... 
Valves 
Case Conveyor Chain jVitwotncdre 
Terminal Blocks & Kits hE ee ee 


Mechanical Force Gages 

Washers ° oan 
Small Motors & Counters .......... 
Silicone Lubricants ........--+«+++> 
Airborne Switches . 

Ball Bearings .......-seeee cece eeees 
Rotary Gang Slitters | aaeee * 
Stainless Bar & Wire ..... nae 
Electrical Controls .......--..-+ess055 
Silicone Products .. 

Propellant Valves” I SER rae nae 
Fluorescent Lamps .. 

Laminated Shims 

Fluid Drives 

Hydraulic Check Valve .. Ere ery 
Positive Displacement Pumps ........ 
Bearings, Hangers & Collars 

Boss Fittings 

Throwaway Cutting Inserts 


Hydraulic Thrust Unit 

Reproduction Materials ..........+++- 
Coolant FilterB ....5.55. 6.0 see veewes 
Stamping & Moldings . 

Wire Connectors ....... 

Weldments . . 


Steel Tube Fittings POET Pep ryt. pe Leg 
Ultrasonic Braxing . 

Phosphor Bronze ...........+eese+05s 
Foam trea godesesteeeceneeee 
Unit Heaters ...... 

Flexible Couplings. ° 

Panel Meters ...... 

Teflon Equipment 

Hook-Up Wires 

Pressure Transmitter 

Galvanometers 

Thermocouple Components ............ 
Potentiometers 

Built-In Coolant Filters .............. 
Powdered Metal Parts 


NEW PARTS & ENGINEERING EQUIPMENT— descriptions start on page 139 


ITEM 
NUMBER 


Stacking Switches .........----++++ 
Corrosionproof . 

Computing oe 

Air Heater .. 

Mercury Relays 

Pneumatic Valve .. 

Synchronous Motor ...........-+++++s 
Miniature Tube Clamps ..........+++- 
Tubing Connection . Keven esevsen 
Self-Locking Clinch Nuts | jhavk sien 
Gear-Reduction Pulley 

Blower Wheel 

Miniature Solenoids 

Hydraulic Pump 

Brakemotors .... Spakiaecs wahe he 
Trimmer Potentiometer hnetaee» 
Resin Plastic ..... rer rr ove 
Snap-Acting Thermostat .............. 
Geneva Movements ..... 

Separator ...... pad sock paca 
Thermocuring ‘Adhesive — 
Self-Sealing Bolts 

Stepless Speed Reducer .. 
Multi-contact Relay .... 

Cushion Clamp pee 
Bolemotd VORVO ccccccescccscccccsnsee 


ITEM 
NUMBER 


Sneeea Cutting Fastener 
Snap-Acting Thermostat . 
Machine Heads 


Graph-Making “Tapes 

Voltage Generator 

Vernier Compass ....... 6... sseeneee 
Sonic Gas Analyzer 

Drafting Table-Desk 

Temperature Control 
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Illustration is 2-times actual size of needle bearing 


KAYDON 


HIN 








@ NEEDLE BEARINGS 











Two standard sizes 


available from stock 


Shaft 
Diameter 


1.0605° 


Housing Bore 
1.3130" 














Shaft 
Diameter 
1.1875" 


..— a 


Housing Bore 
1.5005° 




















You get these Kaydon design advantages: 


fi.] Greater effective length needie rollers for MORE CAPACITY (41% on 1,” width)... 
LONGER LIFE (2.8 times as much on 1,” width) [2.] Simplified construction that SAVES 
you money Pre-packed lubrication that SAVES assembly time. 


These new thin-sheli bearings were developed with the 
co-operation of the FORD MOTOR COMPANY for use in 
FORD-O-MATIC and MERC-O-MATIC automatic transmissions 


Kaydon’s new thin-shell needle bearing gives 
more of everything — more economy... 
more capacity ... plus longer life than any 
other comparable bearing. That’s because 
of Kaydon’s greater effective length of 
spherical end rollers. 


This new bearing is ready for you right 
now from stock in two standard sizes (illus- 
trated). Other sizes will be available later. 

For complete specifications, ask for Data 
Sheet No. K562 — write, call or wire Kay- 
don of Muskegon. 


vas HAT OUN, ocala 


MUSKEGON+MICHIGAN 








All types of bali and roller bearings — 4” inside diameter to 124” outside diameter... Taper Roller ¢ 
Roller Thrust ¢ Roller Radial ¢ Bi-Angular Roller ¢ Spherical Roller ¢ Needle Roller « Ball Radial. Balk Thrust Bearings 
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"...a setko 
self-locking 
set screw 


for every problem! 


... And, every Setko Self-Locking 
set screw is an ace performer! Each 
one depends on a specific design 
principle to lock fast. 

They provide positive locking 
action... speed assembly and cut 
costs by utilizing standard driving 
techniques... don’t require special 
tapping. All are available in regu- 
lar points, patented Nu-Cup point, 
and standard sizes and threads. 
With the Setko System, they can 
be hopper-fed in sizes as small as 
#2 (.086” x Y”). 


ZIP-GRIP ® SET SCREWS 
Exclusive Contra-Thrust 
action locks at any 
point. Solves problems 
of loosening due to 
wear, clearance in the 
thread, or vibration. 
Can be re-used. 


OFFSET SET SCREWS 
When driven, two off- 
set edges in threaded 
portion exert powerful 

spring pressure. Not 

affected by extreme 


variations in tapped 


holes. 


CREST-LOK SET SCREWS 
New, original design 
doesn't require precise 
tapping. Can be re-used 

repeatedly. Amount 
of lock can be altered 
by changing tap drill 
size. 


POINT-LOK SET SCREWS 
This design ends top- 
screw loosening on 
two-screw applications. 
Lower screw can be 
locked with Point-Lok 
without disturbing 
original setting. Can 

be re-used. 


SPRED-LOK® SET SCREWS 
This design is for soft 
metal applications. Top 
is “spread’’ slightly to 

take up “‘flow”’ of soft 
metal. Can be re- 
used. 


Other Setko Self-Locking set screws 
that solve specific problems include 
Flush-Lok, Wedge, Truncated and 
Jam-Lok. A complete description 
of Setko set screws including Nu- 
Cup and Self-Tapping, and the 
Setko System for hop- 
per-feeding headless 

set screws is contained ~ 

in Catalog 21. Write 

today for your free 

copy 


& R4iftg. Co. 


28 Main Street, Bartlett, Illinois 
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(Continued from Page 14) 


cording to Dr. Van Horn. 

The gold-plated battery is de- 
signed for long life and minimum 
discharge of power. It is 400 times 
more effective, in terms of space, 
than the mechanical mainspring. 

The electric watch has about 


one-third fewer parts than the au- 
tomatic watch which has gained 
great popularity in recent years. 
According to Hamilton, tests show 
that the day-to-day accuracy of 
the new electric watches is far 
greater than that of automatic or 
manually-wound types. 





ARE 


Tanks holding cleaning an:! plating solutions are arranged in an oval. 
Above them, a closed loop monorail carries power hoists cycled to do the 
work of lifting and transferring parts batches through processes. 


Timer-Controlled Power Hoists 
Automate Plating Cycles 


PHILADELPHIA, PA.—More output 
with less labor is now accomplished 
in the plating department of the 
Gillette Safety Razor Co. with 
power hoists cycled automatically 
through the processes from cen- 
tral time-controls. Installed by 
the Yale & Towne Mfg. Co., the 
control system replaces a rack 
plating process for small razor 
parts. 

Processing and plating tanks are 
arranged in an oval. Above the 
tanks, six electric hoists travel on 
a closed loop monorail. The hoists 
carry barrels of parts in process 
and lift them in and out of the 
tanks. 

Nerve center of the system is a 
panel of circuits and timers which 
control the movements of the hoists 
through the system and the dura- 





Timer controls and circuits are 
readily variable to accommodate 
changes in processes and different 
cycles for different parts or plates. 
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Original 
SEALEDPOWER motor— 
pioneered in U.S.A. 

by Crocker-Wheeler 


New 


SEALEDPOWER motor— 


same horsepower 


and speed 


4 
ft 
/] 


new 





NEW Elliott SEALEDPOWER Motors Produce 


Superior Insulation Improves Motor Performance 


f 


Stator slots are lined with new, 
revolutionary synthetic materials 
having greater dielectric and me- 
chanical strength than those previ- 
ously used. 


Is ~ 


Motor coils are group-wound from 
continuous lengths of Vinylastic wire, 
with no brazed or soldered con- 
nections within groups. 


MOTOR ENCLOSURES 


Totally-enclosed Dripproof Totally-enclosed, fan-cooled 
non-ventilated Protected Frames 256 U and smaller 


MORE POWER per POUND 


In the new Elliott Crocker-Wheeler Type N motors, 
better utilization of copper, insulation, and electrical 
steel produces more horsepower per pound than earlier 
designs. 

This is one of the balanced design factors that contribute 
to the outstanding performance of these motors. Others 
are highest quality electric steel, rigid frames and brackets, 
choice of anti-friction bearings to suit your operating 
and maintenance conditions, and a variety of highly 
effective enclosures, including dripproof, totally-enclosed 
and explosion-proof designs. 


ELLIOTT Company 


CROCKER-WHEELER DIVISION 


WRITE for new bulletin describing Elliott 
C-W Type N Motors. Address: Elliott Company, 
Crocker-Wheeler Division, Jeannette, Penna. 


W6-7 
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FOR MAXIMUM CAPACITY 
IN MINIMUM SPACE... 


4-WAY VALVE 
DOUBLE PILOT 
SUB-PLATE MOUNTED 


J 


vue VERSA 


MANIFOLD MOUNT VALVE 


The Versa Manifold Valve has been especially de- 
signed for use where space is at a premium. 

All piping can be installed, connected to mani- 
fold plate and even purged before installation of 
the valve itself. The valve is then simply bolted 
into place on the manifold plate. The valve proper, 
being independent of the piping, can he easily 
removed for service or replacement without dis- 
connecting piping or disassembling the valve. 

Versa Control Valves are available with any type 
of actuating device in sizes from %” to 1” NPT, 
in 2-, 3-, 4-, and 5-way type, and for pressures 
from partial vacuum to 500 PSIG. 

All Versa Valves are triple pressure and function- 
ally tested under water for guaranteed leakproofness. 


Over 110,000 Variations... 
Ready for Immediate Delivery! 


VERSA 


VERSA PRODUCTS COMPANY INC. 
247 SCHOLES STREET 
BROOKLYN 6, N. Y. 


The entire line of 
VERSA valves is 
explained in our 
new comprehen- 
sive Folder =14 
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tion of phases in the operation. 
Versatility is an advantage claimed 
for the system, since the number 
and duration of phases in the op- 
eration can be changed readily at 
the central controls. 





U.S. Army photograph 


TO FACE THE COLD, Army 
troops who must work outdoors in 
extremely cold climates may use this 
new protective face shield. Devel- 
oped at the Corps of Engineers’ Re- 
search and Development Laborato- 
ries, the shield is made of transpar- 
ent vinyl plastic. An inner frost ap- 
ron back of the main shield prevents 
cloudiness resulting from  con- 
densed moisture of respiration. 
When necessary, the shield can be 
tilted upward through 90 degrees. 





Science for All Students 
Equated fo Arts for Engineers 


NEw York, N. Y.—If this nation’s 
science and technology are ever 
to achieve “the greatest good for 
the greatest number,” some cur- 
rent educational trends must be 
reversed, a General Motors scien- 
tist warned recently. Dr. Law- 
rence R. Hafstad, vice president in 
charge of G-M Research Staff, 
made a plea for reviving class- 
room disciplines of science and 
mathematics for both technical and 
nontechnical high school students. 
Dr. Hafstad spoke to the Scien- 
tific Research Society of America 
in connection with the annual meet- 
ing of the American Association 
for the Advancement of Science. 
He explained that to reap full 
benefits of technology, a “good so- 
ciety” not only must train more 
scientists and engineers but also 
must make the basic philosophies 
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of science understandable to non- 
technical people. 

He cited a recent Purdue Univer- 
sity survey of high school student 
attitudes toward career scientists. 
The survey had indicated that 
varying percentages of students 
believed scientists are “odd,” dis- 
honest, incapable of enjoying nor- 
mal lives, and willing to sacrifice 
the welfare of others to further 
their own interests. 

The survey results indicated to 
Dr. Hafstad that the students had 
not gained an appreciation of the 
sciences as the foundations of 
modern civilization. 

Dr. Hafstad said that his great- 
est concern was “a continuing di- 
vergence in point of view between 
the sciences and the humanities. 
This adverse tendency could be re- 
duced by insuring that students of 
science were given a better ground- 
ing in the humanities, while stud- 
ents in the humanities were given 
a better background in science. 

“Much of the energy of our 





Answers to questions on gray 
iron castings, Page 6: 


1. ‘‘Makes no difference’ is the right an- 
swer. If a casting is not well cleaned, leaving 
it out doors will help machinability, because 
some of the hard, black oxide and adhering 
sand, if any, would be loosened by rusting. 
If there are extreme temperature variations 
outdoors, this could have a very slight stress- 
relieving effect, but this would not change 
the casting’s machinability. 

2. ‘‘Standard’”’ specifications go up to 60,000 
psi tensile strength. However, with heat treat- 
ment the strength of gray iron castings can 
be raised considerably above the ‘‘as cast’’ 
strength. This is true of all classes of gray 
iron. 

3. Tensile strength at 120,000 psi for duc- 
tile irons shows up in the Society’s Summary 
of Specifications. It should be noted, however, 
that 120,000 psi tensile is achieved only by 
heat treatment. 

4. More is being learned on this subject all 
the time. Until recently, conservative engi- 
neering limited pressure-containing parts to 450 
F. Now, 650 F is accepted for this applica- 
tion, and gray iron parts in nonpressure ap- 
plications are in satisfactory use under steady 
loads at temperatures of 800 F. 

5. For all practical purposes, cast crank- 
shafts are no heavier than forged. In fact, 
in many cases they end up lighter in weight 
since the specific gravity of gray iron is a 
little less than steel. One of the reasons is 
that in order to get the necessary bearing 
surface, forged crankshafts are made thicker 
than they have to be for strength alone. 


6. There is no such thing as ‘‘semisteel’ in 
the technical sense. Years ago when certain 
progressive gray iron foundries began con- 
trolling their processes and consistently pro- 
duced higher strength castings, they called 
them semisteel to differentiate them from 
the low-strength iron which was otherwise 
available. The term has persisted since then. 

7. This is a relative thing, but 0.003-in. 
per in. is common in shell molding. In medi- 
um and large castings, even closer tolerances 
are held. With care, gray iron foundries often 
achieve 0.005 to 0.010-in. per in. tolerances 
with green sand molding. Quality of patterns 
as well as foundry practices enters into the 
picture. 
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for economy, quick. installation and life- 
long performance in all types of service 


+ Small shafts to % in. 


oil, gasoline, kerosene 
thetic rubber. 


Synthetic Rubber Bellows 


hot or cold water, 


Services: 
urious to syn 


and other liquids non-inj 
Pressures: up to 50 psi. ' 
Temperatures: _65°F. to +220°F. Special construc- 
tion to +300°F. ; 

Data: Packaged unit. Retainer d 
ation at a high rpm. 
I shaft sizes. Bellows 
ntact 


oes not 

Construction 

contact shaft, permitting oper 
i ra 

One size can be used for seve 

encloses spring and metal parts to prevent co 


with medium being sealed. 








i -A 

Synthetic Rubber Bellows » interchangeable with Type 11 
Services: hot or cold water, oil, gasoline, —_ and 
other liquids non-injurious to synthetic rubber. 

Pressures: up to 75 psi. 

Temperatures: _65°F. to +220°F. Special construc- 

tion to +300°F. = 
Construction Data: Similar to Type 11-A. Doss n 

contact shaft, permitting operation at high rpm. 

One size can be used for several shaft sizes. 

Spring and metal parts available in stainless 

steel or bronze. 


TYPE 9-A 














Sealing Members Made of Teflon* + Engineered for the particular application 


4 : en 
Services: all chemicals, solvents, oils, corrosive 


and gases, hot or cold. ; 
Pressures: to 150 psi. Balanced construction to 
750 psi. 

Temperatures: 
Construction Data: Packa 
metallurgical specificatic 
application. Chemically-inert Te 


sely fits inner sleeve of ret 
bon sealing washer. 


—120°F. to +500°F. 

ged unit. Furnished in 

on best suited to the 

flon wedge ring 
1 ainer and is 

clo: 
machine-mated to car 





Contact “John Crane” for the particular seal best suited 
to your application. Request bulletin giving full informa- 
tion on “John Crane’s”’ complete line of mechanical seals. 


Crane Packing 
mm SChicage Suburb) 


‘anada: Crane Packing Co., Ltd., Hamilton, Ont. 
*DuF nt trademark 





CRANE PACKING COMPANY 
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. . in experimental and 
production quantities — 


Gor 


© HIGH TEMPERATURES 
© CORROSION RESISTANCE 
© NON-MAGNETIC PROPERTIES 


. . other special requirements 


ALL SIZES, standard and spe- 
cial, from 1/64” to 12” or 
more, depending on material. 


ALL MATERIALS, including 
special ferrous and non-fer- 
rous alloys, plastics, ceramics, 
carbides, synthetic sapphire. 


MODIFIED BALLS, with slots, 


undercuts, tapped holes, etc. 


We also provide 


PRODUCTION SERVICE 
on spherical and 
toroidal surfaces. 


Write for quotation and 


descriptive literature. 


INDUSTRIAL TECTONICS, Inc. 
36706 Jackson Rd., Ann Arbor, Michigan 


18302 Santa Fe Avenue 
Compton, California 


y— PRECISION BALLS AND 
SPECIAL ANTI-FRICTION BEARINGS 
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educational system these days is 
focused on new theories of teach- 
ing which . . . avoid grading and 
thus . . . conflict or competition. 
This is desirable sociologically, but 
apparently so is a rising standard 
of living. This presents a painful 
choice. In techology, if incentive 
is removed, so is struggle—and if 
struggle is stopped, so is progress. 

“The desire for ‘progress’ cannot 
be reconciled with the lack of at- 
tention to, and an incentive for, 
students of exceptional ability,” 
Dr. Hafstad explained. “Similarly 


the desire for ‘progress’ is incon- 
sistent with the trend toward ef- 
fortless education with the sub- 
stitutions of pastimes for disci- 
plines.” 

He urged an intellectual “match- 
ing of backgrounds” between scien- 
tists and humanitarians so that 
the nontechnical portion of society 
will comprehend the scientists’ 
motives. “Even more acute than 
the current shortage of scientists 
and engineers is the shortage of 
people who can and will carry re- 
sponsibility.” 





7 Oh Be RAR ee 


MO°T POWERFUL GEARSET ever designed and built by Cone-Drive 
Gears Div. of Michigan Tool Co. is this assembly with 20-million Ib-in. run- 
ning-torque rating, 30-million lb-in. static-torque rating. Two worms drive 
the double-enveloping gearset with center distance of 44 in. To obtain the 
same torque with conventional cylindrical worms, a center distance of 55 to 
60 in. would be required. This unit is part of a 1500-ton stretcher, com- 
panion to a 12,000-ton extrusion press. The machines form aircraft parts. 





Museum Displays 
Popularize Mathematics 


Abacus, Computer in Exhibits 


CuHicaGo, ILL. — Colorful exhibits 
that show the significance of 
mathematics in the modern world 
and career opportunities available 
to those trained in mathematics 


recently went on display at the 
Museum of Science and Industry. 
More than two dozen displays furn- 
ished by IBM comprise the exhibit, 
called the ‘World of Numbers.” 

One feature of the exhibit is 
the cycloramic staging of Project 
Sage, the nation’s electronic air 
defense system. Here, by simply 
lifting a telephone, the visitor puts 
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At Johnson“ they prefer a 


WICHITA CLUTCH 


Take your pick of any Johnson Press using an air clutch and you'll find 
it is equipped with aWICHITA CLUTCH. WHY? Because WICHITA 
CLUTCHES have become standard equipment at Johnson. 

After considerable checking and testing, 

Johnson engineers found that WICHITA 

CLUTCHES did more for their presses than 

any other known clutch. WICHITA offers 

a clutch in which there is (1) Extremely fast 

engagement and disengagement; (2) Positive 

air cooling; (3) No adjustments required; 

(4) No lubrication required; (5) Complete 

freedom from effects of centrifugal force; 


(6) Quicker action with less power 


consumption; (7) Less consumption 
of air. | Investigate WICHITA... You'll 
find WICHITA offers clutches and 


brakes of greater efficiency in all sizes 
ranging from 2,000 in. pounds to 3,000,000 
in. pounds. CONSULT A WICHITA 
ENGINEER... TODAY. 





*Johnson Machine & Press Corp. 
Elkhart, Indiana 


WICHITA ENGINEERS 


Brehm-Lahner, Inc. Detroit, Mich. Andrew T. Lobel, Denver, Colorado 
L. H. Fremont, Cincinnati, Ohio Robert R. King Co., Cleveland, Ohio 
W. G. Kerr Company, Pittsburgh, Pa. Joha C. Burge, Oklahoma City, Okla. 


inion P. Pp i t Ltd., 
Smith-Keser & Co. (Main Office), Avon, Conn. Se ress Equipmen 
Smith-Keser & Co., Philadelphia 44, Pa. 3 Burlington, Ontario, Canado 
Smith-Keser & Co., New York, New York Hunt Too! Co., Houston, Texas 
Frank W. Yarline Co., Chicago, III. industrial Air Controls Co., Fort Worth, Texas 
Power Rig & Equipment Co., Inc., Allied Transmission Equipment Co., 
Long Beach, Calif. Kansas City 8, Missouri 
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. | Designed for 
| Every Application 


| tiie first time, because of 
~ Stan@ardization and interchangeabil- 
Cane . ° ° . 
ity, more combinations of Oil Tight 
push buttons are available with fewer 
parts. As a result, Furnas Electric 
design and research again lead the 
field, this time with the finest oil 
tight push buttons available. 

When you specify Furnas Electric, 
you get one standard contact block. 
No rights or lefts—no special units 
for horizontal or vertical mounting. 

Accessories (key lock, mushroom 
head or lever) are mounted directly 
on all standard operators. Operators 
need not be modified or removed 
from panels. 


SSGBBS- 


seas 
| 99 Saf i, 


For full information write for 
Catalog 5606, Furnas Electric 


. Company, 1045 Mc- 
x} Vy 
NA | 


Kee Street, Batavia, 
Illinois. 

25” 

YEAR 


“FURNAS ELECTRIC 
COMPANY 


BATAVIA, ILLINOIS 


Sales Representatives in All Principal Cities — 
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into operation a simulated air at- 
tack by enemy bombers. The three- 
dimensional display and film shows 
how information is relayed with 
lightning-like speed from early 
warning radar stations and ground 
observer posts to Air Defense Com- 
mand Centers. At these Centers, 
the Sage computer, fastest in the 
world, calculates the speed, course, 
and altitude of the approaching 
enemy planes in a millionth of a 
second. Within minutes, jet in- 
terceptors, Nike missiles, and 
coastal antiaircraft batteries go 
into defensive action with exact 
knowledge of where the enemy is, 
where he is headed, and when he 
will reach the point of interception. 
A number of test-type panels 
provide entertainment and instruc- 
tion in a lighter vein. One asks, 
“What’s your M. Q.?” (mathe- 
matics quotient). This is an apti- 
tude test with ten mathematical 
questions on a translucent panel 
and ten pairs of buttons below to 
register “true or false’ answers. 
The panels are especially planned 
to lift mathematics out of a pro- 
saic, textbook atmosphere and 
present it as an active, interesting 
subject. They illustrate problems 
in algebra, trigonometry, and other 
basic mathematical processes. 
The earliest calculating device 
known—the abacus—is presented 





THREE-RAIL PILE, introduced by 
L. B. Foster Co., has demonstrated 
exceptional strength compared to 
conventional type, particularly dur- 
ing driving. Three steel rails are 
welded together at the base edges. 


in giant size. It is mechanized so 
that the visitor, by merely pushing 
a lever, can easily learn how men 
calculated many centuries ago. In 
contrast, the IBM 705 Electronic 
Data Processing Machine is pre- 
sented in model form. 

A translucent wall diagram helps 
the visitor to see exactly how the 
modern computer works. Here, a 
voice gives a concise, step-by-step 
explanation of how problems are 
presented to the machine, how they 
are solved internally, and how the 
answers are produced. As _ the 
narration proceeds, pictures in the 
diagram are illuminated to show 
the progress of the problem 
through the system. 

One of the panels explains the 
binary number system, often used 
in computers because it requires 
the least possible number of tubes 
to represent any given value. The 
machines are designed to take in 
decimal numbers, convert them to 
binary, compute in binary, and de- 
liver the answers in decimal. 

In a case adjoining the compu- 
ter model, different memory de- 
vices are shown and explained. Sus- 
pended from the ceiling of the ex- 
hibit are models of geodesic domes. 


AND EXPOSITIONS 


American Society for Testing 
Materials. Annual Committee 
Week and Spring Meeting to be 
held at the Benjamin Franklin 
Hotel, Philadelphia. Additional in- 
formation is available from society 
headquarters, 1916 Race St., Phil- 
adelphia 3, Pa. 


Feb. 5-7— 

Society of the Plastics Industry 
Inc. Twelfth Annual Technical and 
Management Conference of the 
Reinforced Plastics division, to be 
held at the Edgewater Beach 
Hotel, Chicago. Further informa- 
tion is available from society head- 
quarters, 250 Park Ave., New 


MACHINE DESIGN 





For automatic transmissions 
and similar bearing applications 


Solid steel or bronze; steel faced with babbitt or copper-lead, or 
copper-lead on both faces. Flat, spherical or special shapes. Grooves, 
holes, nibs, scallops or lugs. O.D. 1” to 6”. Wall thickness: solid, 
.028” to .141”; bimetal, .034” to .141”. Cold rolled for heavy-duty. 
Large capacity. Complete engineering service. 


FEDERAL-MOGUL DIVISION 


FEDERAL-MOGUL-BOWER BEARINGS, INC., 11045 SHOEMAKER, DETROIT 13, MICHIGAN 
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high efficiency 


Filters, Regulators, and Lubricators 
for Air Supply to Pneumatic Equipment 


with the NEW 


consisting of: 


Contoured inlet eliminates drastic air pres- 
sure drop and forces the air into a down- 
ward spiral. This “Tornado Action” sets 
up centrifugal force which spirals dirt 
and moisture particles downward into 
the “quiet zone.” 


WATTS 
high efficiency 
FILTER 


WATTS 
high efficiency 
REGULATOR 


Watts Aspirator control acts directly on 
input valve, giving instant compensation 
for fluctuating pressure demands .. . 
provides precise control and _ stabilizes 
Pressures reaching individual! pieces of 
equipment. 


New - BY-PASS PICKUP 


Watts new By-Pass Pickup makes possible 
an exclusive high velocity venturi section 
which vaporizes virtually 100% of the 
metered oil. By-Pass permits maintenance 
of constant pressure in the venturi section 
with minimum pressure loss. 


WATTS 
high efficiency 
LUBRICATOR 


Complete range of Sizes: 1/4”, 3/.”, 1/2” 


- - BOWLS CAN BE 
REMOVED IN 


Piaf: we- ¥ “ae ; Wi 
, Fae inn e 30 SECONDS 
‘f)) iT 


Write for catalog and specification 
sheets on WATTS high efficiency line. 


Sepa ey 


Lf 
"AAT TS REGULATOR COMPANY 


SINCE 18 75 





12 EMBANKMENT ROAD LAWRENCE, MASSACHUSETTS 
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News Roundup 





York 17, N. Y. 


Feb. 15-16— 

National Society of Professional 
Engineers. Spring Meeting to be 
held at Hotel Francis Marion, 
Charleston, S. C. Further infor- 
mation is available from society 
headquarters, 2029 K St., N. W., 
Washington 6, D. C. 


Feb. 24-28— 

American Institute of Mining, 
Metallurgical and Petroleum Engi- 
neers. Annual Meeting to be held 
at the Hotel Jung, New Orleans. 
Additional information can be ob- 
tained from the institute’s head- 
quarters, 29 W. 39th St., New 
York 18, N. Y. 


Feb. 25-March 1— 

American Society of Heating 
and Air-Conditioning Engineers. 
13th International Heating and 
Air-Conditioning Exposition to be 
held at the International Amphi- 
theater, Chicago. Further in- 
formation is available from Inter- 
national Exposition Co., 480 Lex- 
ington Ave., New York 17, N. Y. 


Feb. 26-27— 
Third Conference on Radio-In- 


terference Reduction to be held at 
Armour Research Foundation of 
Illinois Institute of Technology, 
Chicago. Further information can 
be obtained from the foundation, 
Technology Center, 10 W. 35th St., 
Chicago 16, Ill. 


Feb. 26-28— 

Western Joint Computer Confer- 
ence to be held at the Statler 
Hotel, Los Angeles. Sponsors are 
Institute of Radio Engineers, 
American Institute of Electrical 
Engineers and Association for 
Computing Machinery. Further 
information can be obtained from 
S. Dean Wanlass, Aeronutronic 
Systems Inc., 13729 Victory Blvd., 
Van Nuys, Calif. 


March 5-7— 

Society of Automotive Engineers 
Inc. National Passenger Car, 
Body and Materials Meeting to be 
held at the Sheraton-Cadillac 
Hotel, Detroit. Additional infor- 
mation can be obtained from so- 
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ciety headquarters, 29 W. 39th St., 
New York 18, N. Y. 


March 6-8— 

Pressed Metal Institute. Annual 
Spring Technical Meeting to be 
held at Hotel Carter, Cleveland. 
Further information is available 
from institute headquarters, 3673 
Lee Rd., Cleveland 20, O. 


March 11-14— 

1957 Nuclear Congress and In- 
ternational Atomic Exposition, to 
be held at Convention Hall, Phila- 
delphia. This second nuclear en- 
gineering and science conference, 
sponsored by 20 technical socie- 
ties, is co-ordinated by the Engi- 
neers Joint Council. Further in- 
formation can be obtained from 
the Council, 29 W. 39th St., New 
York 18, N. Y. 


March 11-15— 

National Association of Corro- 
sion Engineers. Thirteenth An- 
nual Conference and Exhibition to 
be held at Kiel Auditorium, St. 
Louis. Additional information can 
be obtained from association head- 
quarters, 1061 M & M Bldg., Hous- 
ton 2, Tex. 


March 18-20— 

American Society of Mechanical 
Engineers. Gas Turbine Power 
Conference to be held at the Sher- 
aton-Cadillac Hotel, Detroit. Fur- 
ther information can be obtained 
from society headquarters, 29 W. 
39th St., New York 18, N. Y. 


March 18-21— 

Institute of Radio Engineers. 
National Convention to be held at 
the Waldorf Astoria Hotel, New 
York. Additional information can 
be obtained from institute head- 
quarters, 1 E. 79th St., New York 
21, HN. ¥. 


March 25-29— 

Tenth Western Metal Exposition 
and Congress to be held at the 
Pan-Pacific Auditorium and Am- 
bassador Hotel, Los Angeles. Spon- 
sors are American Society for 
Metals and other technical groups. 
Additional information is avail- 
able from ASM headquarters, 7301 
Euclid Ave., Cleveland 3, O. 
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PROPORTIONEERS, INC. 
look beyond 


when P 
selecting. 


: 
WINSMITH SPEED REDUCERS 


@ Wherever fluid proportioning is used in industry, the Model 1106 
Proportioneer Pump is known for its work-horse stamina, its watch-like 
accuracy. Helping to build this reputation for ruggedness and precision, 
Winsmith Speed Reducers have been selected for use on these pumps 
since 1932. 


Proportioneers, Inc., a division of B-I-F Industries, rate performance 
as the main reason for continued selection of Winsmith reducers but in 
looking beyond the price tag and the performance they pay for — they 
find a highly important extra that’s not for sale but given freely at 
Winsmith — that’s co-operation in helping customers to solve speed 
reducer problems. 

As Proportioneers, Inc., puts it: “... co-operation is one of those things 


that can’t be covered by a price tag but it is one of the big reasons why 
we have stayed so long with Winsmith.” 


When you select Speed reducers, keep this extra in 
mind. The services of our engineering department 

are always at your service to help you 

select the right reducer for 

every application from 1/100 


WINSMITH, INC. 
16 Elton Street 
Springville (Erie County) N. Y. 
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GRAMIX. sronze searines AND 
IN NEW MYM DQTIQ erovucts 


GRAMIX. aviovs 


(PRODUCT OF POWDER METALLURGY) 


The new Sunbeam Mixmaster Junior* does kitchen mixing chores 

quickly and efficiently and one of the important factors in its fine perform- 

ance is the use of GRAMIX bearings on the beater spindle shafts. These sintered 

metal bearings, which are produced from GRAMIX Grade 81 alloy, 

are oil-impregnated for self-lubrication and are quiet Spy | in operation. 

One of the outstanding features of these GRAMIX bearings is the 

fact that they are exceptionally long in relation to the 

comparatively small diameter. Yet there is no taper 

or “bell mouth” effect present and tolerances are 

held to .001 on both the ID one The 

bearing offers maximum load-carrying 

NEW SUNBEAM MIXER surface throughout its length. In addition, 
Sunbeam engineers have found that GRAMIX 

WITH GRAMIX SELF- gives them : controlled, consistent density in 
all sections of the bearing. This is another case 


LUBRICATING BRONZE where GRAMIX bearings have been specifically 


engineered and produced to fit the needs of the 
SHAFT BEARING application. Can the same be done for your products ? 


*Made and guaranteed by the Sunbeam Corporation, Chicago, Illinois 





THE UNITED STATES 


GRAPHITAR® carson-crapmite *° GRAMIX® sinrereo metar parts * MEXICAN” crapuire prooucrs * USG° prusues 
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In the new Sunbeam twin 

blade electric lawn mower, power is 

transmitted from the motor to the cutting 

blades via cog belt drives. Among the most 

important parts in this power transmission system 

are a pair of drive sprockets which must stand up 

under hours of rugged operation. For these critical 

parts, Sunbeam Corporation engineers have 

specified GRAMIX sintered metal sprockets 

produced to their exact specifications from 

GRAMIX iron alloy 78. This dual purpose part 

acts as both a bearing and a sprocket. The excellent 

bearing characteristics of this GRAMIX alloy 

eliminates need for special inserts etc., yet the 

sprocket itself withstands shock loading and 

maintains a constant coefficient of friction. The 

contour of the sprocket teeth is maintained under 

the most severe operating conditions. Additional 

benefits that Sunbeam engineers have found in GRAMIX 

include the compatibility of GRAMIX with the belt material 

and the fact that there is less operational noise. Again, this is a 

case where the GRAMIX process has produced a part specifically engineered 

to meet exact product requirements . . . why not investigate the advantages of 
GRAMIX parts for your designs? 





WRITE FOR THIS BOOK 


Because GRAMIX parts are die-pressed to shape, then sintered, they 
are usually much more economical than machined parts. Tolerances as 
close as .0005” can be held, and the parts oil-impregnated for self- 
lubrication. Other facts of value to the manufacturer and the design 
engineer are contained in GRAMIX Engineering Bulletin No. 21. 
Write today to The United States Graphite Company, Saginaw, Mich. 


GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW, MICHIGAN 


January 24, 1957 Circle 423 on page 19 33 





NOW! A Tough Material To 
Introducing AMERICAN FLEXIBLE 


Teflon hose 


Stainless steel wire-braid reinforcement 


NAME YOUR PROBLEM. American has the flexible connector to meet it. 


AMERICAN SEAMLESS 


Easily installed, low-maintenance, long-life 
tubing of bronze, carbon steel, stainless steel, 
Monel, cupro nickel, brass and other workable 
metals solve most flexible connector problems 
involving steam, oil, liquids, gases, etc., under 
pressure; for absorbing vibration in rigid pipe- 
lines, connecting misaligned ports; for piping in 
limited space and service where there is inter- 
mittent or continuous flexing. 


AMERICAN STRIPWOUND 


Combines all-metal strength with extreme 
flexibility, permitting easy installation and 
handling. Made in bronze for conveying 
steam and water, in steel for conveying oil, 
tar, asphalt, etc., and in copper, aluminum, 
carbon steel, stainless steel, and other metals 
for special applications. With or without 
wire braiding. 


AMERICAN SEALTITE+ 


Flexible, liquid-tight conduit. Protec- 
tive raceway for electrical wiring, made 
of a flexible galvanized steel core with 
tough extruded plastic jacket. Complete- 
ly liquid-tight, resists chemicals. Ab- 
sorbs movement, vibration, simplifies 
installation in tight spaces or where 
there is offset. 

+ Trademark 
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Meet Tough New PROBLEMS 
TEFLON HOSE 


Heat-resistant, corrosion-proof, lightweight Teflon* flexible hose absorbs vibration, 
takes up movement, simplifies offset connections and installations in cramped spaces 


FOR AIRCRAFT, GUIDED MISSILES AND ATOMIC 
ENERGY FIELDS. American Flexible Teflon Hose 
offers the double advantage of economy and longer 
life in many applications: fuel lines, oil lines, oxygen 
lines, hydraulic lines and others. 


Properties include complete tightness under high 
pressures, high resistance to fatigue, torsion and 
corrosion, light weight and capability of continuous 
service in temperatue range of—100°F. to 500°F. 
Unaffected by any known type of fuel, oil, or acid 
within the temperature range of the hose. 





FOR TOUGH INDUSTRIAL JOBS. American Flexible 
Teflon Hose promises long, economical service in 
many industrial applications. It is ideal where lines 


are subjected to outdoor exposure or attack by chem- 
icals, or where high temperatures are a factor—either 
in the material being conveyed or plant surroundings. 





HOW CAN YOU USE AMERICAN FLEXIBLE TEFLON 
HOSE TO REDUCE COSTS OR IMPROVE PRODUCT 
SERVICE? American Metal Hose engineers will be 
glad to consult with your engineers. Write for bulle- 


Contact American to solve problems of . . . 


VIBRATION 


CRAMPED SPACES MOVEMENT 


January 24, 1957 


OFFSET CONNECTIONS 


tin TF-100, or call: The American Brass Company, 
American Metal Hose Division, Waterbury 20, 
Connecticut. In Canada: The Canadian Fairbanks- 
Morse Company, Ltd. one 


*DuPont trademark for its tetrafivorocethylene resin 


“ EREVER CONNECTOg. panes move 


AMERICAN 


" FLEXIBLE METAL AND TEFLON 
HOSE AND TUBING 


| 


AN 


ANACONDA’ 


PRODUCT 
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SEE FOR YOURSELF 


why you can be sure of... 
@ LOW MICROINCH SURFACE FINISHES 


@ TOLERANCES DOWN IN THE MILLIONTHS 
@ INCREASED PRODUCTION 
@ LOWER COSTS 


PRECISION 
SPINDLES 








FOR SURFACE GRINDERS — 


POPE 1, 2 and 3 HP, Totally Enclosed 1800 FOR BORING ROUND HOLES 

and 3600 RPM Motorized, Cartridge Type WITHIN MILLIONTHS OF AN INCH 
Spindles with massive shafts and big, double row 

cylindrical roller bearings having enormous POPE Heavy Duty Boring Spindles for smooth, 
capacity, superior performance and long life. _ chatter free, continuous high production of accu- 
rate parts. Again, look at the big cylindrical 
roller bearings and thrust bearings. 














FOR HEAVY DUTY MILLING — 


POPE Spindles have the double row cylindrical 

FOR CYLINDRICAL GRINDING— roller bearings for the extra rigidity to support 
the cutting tool, and the double direction thrust 

POPE Cartridge Type and Wheel Head Belt _ bearings with the excess capacity to stabilize the 
Driven Spindles with the capacityto producemore shaft against endwise movement in either direc- 
work whether you plunge grind with a crush | tion. This adds up to longer cutting tool life, 
dressed wheel, remove surplus metal, or produce (| = = more production, lower cost per piece. 
low microinch surface finishes. Note the super- 
precision radial bearings and ball thrust bearings. 


POPE engineers and builds standard and special, precision anti-friction bearing 
Spindles for every purpose. Send us your specifications for prompt quotations. 
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How better machinability in [arpenter Stainless 
changed the machinists’ opinion of this design 


Designing these seating valves for accurate service and 
ease of production called for something extra in ma- 


chinability and uniformity of the stainless steel used. 


” 


Tolerances of .coos”” on the parts were very important 
to successful operation and long service life. ‘Vhe length 
of the parts made it difficult to cut the threads on the 
small ends. With the ordinary ‘T'ype 303 stainless first 
used, production costs were too high and rejects were 


excessive, 


A change to Carpenter Stainless No. 8 (Type 303) 
proved to the production men that the design was a 
good one. No. § takes the tricky machining operation 
at profitable production speeds . . . meets the close 
tolerance requirements consistently . . . and holds rejects 
to a minimum. The company also likes the bright fin- 
ishes No. 8 provides. 


I'rv designing with Carpenter Free-Machining Stainless 


Steels in mind. Drop us a line on your company letter- 
head for complete, easy-to-use fabricating information. 


[arpenter 


Free-Machining Stainless Steels 


[he Carpenter Stecl Company, 120 W. Bern St., Reading, Pa. 


Export Dept.: The Carpenter Steel Co., Port Washington, N. Y.—“CARSTEELCO” 
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Pushbutton contro/ arrangements almost to intinity . 





@ 
w 
e 
* 
” 
e 
e 


, all standard 


How’d you like a stock of 1,500,000 pushbutton controls on hand at all times 
for original equipment needs or for production purposes? 

Sound prohibitive space-wise, or too expensive? Not at all. Just 38 Westinghouse 
components (shown above) do it because all parts are standardized and 
interchangeable. And always available from stock. 

If you need controls for any application, write for the free 72-page Pushbutton 
Guide, B-6749. For control where moisture is a problem, write for free 

Booklet, B-7022, about Oil-Tite* controls. Write to Westinghouse Electric 


Corporation, Box 868, Pittsburgh 30, Pa. Or call your Westinghouse Distributor. 
*T. M. J-30248 


you CAN BE SURE... 1F ITS 


Westinghouse 





Simplified Bolting and Riveting 


in Blind Applications 


For fastener applications accessible only from one side of the 
work, you can now bolt or rivet without special tools... 


Blind Bolt... 
























































This is the Southco ‘The pin is driven flush, | Working from open side, bolt 
“Drivebolt” Fastener. expanding a head on is kept from turning by screw- 
A nut is threaded on blind side of hole. Pin driver, nut is tightened with 
and the bolt is in- _isthenfurtherdepressed wrench. Result—bolted 
serted from one side — with screwdriver blade _— strength achieved from one 
of the work. to clear slot. side of job. 





























Send for your free copy 
of Fastener Handbook 
No. 7, just released. Gives 
complete engineering 
data on these and many 
other special fasteners. 
[1 ]Southco Drive Rivets are inserted in holes from Fifty-two pages, in two 


| 
(0) one side of work. colors. 


[2]The grooved pin is driven flush, from the same Write on your letter- 
| side, with an ordinary hammer. No special tools head to Southco Divi- 
are required. Four prongs expand to form blind sion, South Chester Cor- 
| head, forcing parts together in a tight vibration- poration, 237 Industrial 
































proof joint. No pulling, twisting, grinding or | Highway, Lester, Pa. 
finishing is necessary. ® 














‘ 
/ 


/ 
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| ear Shaper ball 


helps IMPROVE DESIGN 


The Gear Shaper principle of generating with a recip- 
rocating tool provides a versatile and economical method 
of manufacture which allows the engineer much greater 
latitude in the design of parts for low cost production. 
Special fixtures and controls permit cutting gears, intri- 
cate contours and other shapes in tandem or combina- 
tion where otherwise, special-purpose machines might 
be required. 


Free booklet — “The Art of Generating with a 
; Reciprocating Tool” — shows in engineering detail 
phragm chuck ; how you can use Fellows Gear Shaper versatility 


mt vom rotor Ma | to simplify and improve design. Write for it now. 


THE FELLOWS GEAR SHAPER COMPANY 
78 River Street, Springfield, Vermont 
Branch Offices: 1048 N. Woodward Ave., Royal Oak, Mich. 
5835 W. North Ave., Cnicago 39 
150 W. Pleasant Ave., Maywood, N. J. 
6214 W. Manchester Ave., Los Angeles 45 


pry 


~ \ vem eee ‘ an , _— . 
L £ r be. 
4 eas | p 
Two Gear lem cut _ 


* 
motive gear 7 po: > 


fixture holds } 


Two cams and one gear are cut simultane- Fixture for automatically loading and un- 
ously on a gasoline motor part. Center sup- loading automotive pinions on the No. 4GS 
i fixture holds part in No. 4GS Gear Gear Shaper. 
aper. 


THE 
PRECISION 
LINE 


Gear Production Equipment 
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Flexloc thin nuts save space, 
weight and production time 


Self-locking nuts are 30% lower 
and lighter; speed up assembly 
with hand or power tools 


Self-locking FLExLoc thin nuts are 30% lower than 
regular height locknuts of the same nominal diameter. 
They fit into spaces where regular height locknuts will 
not go. You can design lighter, more compact units 
with them. 

Where you must reduce weight in a completed as- 
sembly, you can save by using shorter bolts with these 
lighter nuts. And you save production time. The length 
of engagement of mating threads is shorter: fewer 
revolutions of hand wrenches or power nut runners 
are needed to seat them. 

FLEXLOC nuts are of 1-piece, all-metal construction. 
You can use a FLExLoc fully seated as a locknut or at 
any point along a bolt as a stop nut. Once the threads 
in the resilient locking section are fully engaged, the 
FLEXLOC grips the mating threads with uniform locking 
torque wherever wrenching stops. Since there are no 
nonmetallic inserts to come out or deteriorate, the 
locking life of a FLExLoc is virtually unlimited. 

Your authorized industrial distributor stocks FLEXLOC 
nuts in a variety of sizes, materials and finishes. Consult 
him for details. Or write us for information about your 
special locknut problem. Flexloc Locknut Division, 
STANDARD PRESSED STEEL Co., Jenkintown 18, Pa. 

SPECIFICATIONS 
my Fl 
NATIONAL COARSE THREAD—U.S.S 





A H WIDTH WEIGHT PER 
INCHES INCHES ACROSS 1000 NUTS 
CORNERS 





.125 
-172 


muen- 


_ 
—— ODO | O2WOD 





FLEXLOC thin nuts are 30% lower than regular height locknuts. 
There is a corresponding saving in weight. In sizes through 
54¢ in., thin FLExLOcs meet tensile strength requirements for 
regular height locknuts. FLExLoc nuts can be made in the 
NATIONAL FINE THREAD—S.A.E. thin type because every thread, even those in the locking 
section, carries its full share of the load. There are no 
+312 . $6) ; nonmetallic inserts to waste head space or weaken the 
“A . structure of the nut. 





NOG |] MWNN— 
NS | Foon 


aub 








Standard FLEXLOC self-locking thin nuts are available in plain or 
cadmium plated alloy steel, for use in temperatures to 550°F; 
in plain or silver plated corrosion resisting steel, for tempera- 
tures to:750°F; and in brass and aluminum, for temperatures 
to 250°F, 








STANDARD PRESSED STEEL CO. 
FLEXLOE LOCKNUT DIVISION 
i scaninienaieetsiiemneeeneeeel ® 


*Steel only (plain or cadmium plated) in stock sizes. JENKINTOWN EE PENNSYLVANIA 
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YOU ASKED FOR IT! 


Numatics research, engineering and production 
have come up with it—a new, simplified, stream- 
lined series of manifolds for multiple mounting, 


piping and wiring solenoid-operated air valves. 
They're compactly built, quickly installed, readily 
accessible, easily maintained. They're available 

in Ye", ¥e", Yo" and %” valve pipe sizes in from 


two to six stations—and all valve actions in Numatics 
SA Series may be mounted interchangeably on 
any manifold station. In a word, Numatics new 
manifolds provide the flexibility, efficiency and 
economy you've been looking for in a control system. 


C SERIES MANIFOLD— 


Designed to eliminate separate electrical pull 
boxes and the confusion of numerous conduit runs, 
Numatics Conduit Manifold may be used with 
either M or H Series air manifolds. A selection of 
from 3 to 6 stations is offered—and all valve 
actions, in 4%” and ¥%” pipe sizes, are inter- 
changeably mountable on any station. Further, 
once assembled, the basic installation need never 
be disturbed, as individual access to any valve in 
the group is provided for by separate cover plates. 


M SERIES MANIFOLD— 


For the ultimate in piping flexibility, Numatics 
offers the Individual Exhaust Manifeld Series. The 
common supply passage, running the length of the 
manifold, is threaded at both ends. Each exhaust 
port is threaded one side and bottom... allowing 
unit to‘be piped from any side or combination of 
sides. Available in three sizes... A for %4” and 
¥," valves, B for 2” valves, C for %4” valves—in 
a minimum of 2, a maximum of 6 stations. 


H SERIES MANIFOLD— 


Where it is desirable to have all exhausts mani- 
folded into common exhaust chambers, use 
Numatics H Series Manifold. All exhaust ports 
join into two exhaust passages which run the length 
of the unit and parollel to the common supply 
passage. Exhaust and supply ports are threaded 
at both ends... cylinder ports are threaded in the 
bottom face, thus permitting piping from the bottom 
only. H Series manifolds are offered in %" and 
¥%" sizes in from 3 to 6 stations. 


HUMATICS, Inc. 


MILFORD eecenien’ ve 


DEPT. MD 
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V-Belt Designer’s Notebook 








A special V-Belt Engineering Service 
to help you cope with 7 Drive Problems 
created by space-saving modern design 


A checklist of V-belt drive designs 
which require specialized engineering. 
W ith a description of the compensating 
characteristics which can be built into 
special Dayton V-Belts. Sources: Case 
histories from the files of the Dayton 
Special V-Belt Engineering Service and 
“The Dayton Handbook of V-Belt 
Drive Design and Selection.” 


Here's a typical example of efficient, 
compact, modern design—an automatic 
washer with a Dayton V-Belt Drive. 


Note that it imposes three design re- 
quirements, (1) a torturous back bend 
(2) sub-diamecer pulleys (3) a limited 
tension take-up area. Yet the design is 
efficient because Dayton V-Belt engi- 
neers developed a belt especially adapted 
to these three punishing conditions. 


You'll find similar examples in ma- 
chine tools, agricultural machinery and 


44 


wherever drive space is limited. You’ve 
seen them yourself—the designs which 
dictate sheave misalignment, back-side 
idlers, underbelting; plus others which 
use V-Belts as a clutch and which im- 
pose excessive shock loads on the belt. 


HERE ARE THE MAJOR 
CONDITIONS WHICH AFFECT 
V-BELT PERFORMANCE 


Underbelting 


Underbelting is found where space is 
limited or as a result of very low belt 
speeds. It will cause belts to slip, run 
hot and wear out very quickly. A tem- 
porary cure, commonly employed, is to 
over-tension the belt — thus throwing 
excessive loads on the bearings. 


The design requires a high capacity 
belt with extra-strength cords found in 
Dayton’s Super-Thorobred series or, in 
difficult cases, belts with both a high 
coefficient of friction and extra strength 
like the raw-edge Dayton Cog-Belt. 


Sub-diameter sheaves 


Belts driven by sub-diameter sheaves 
are inclined to succumb to accelerated 
flex failure. Tensioning problems are a 
usual result. 


Sub-diameter sheaves require ex- 
tremely flexible belts for satisfactory 
service. The required flexibility may be 
obtained by using thin V-Belts—where 
drive capacity is not high. When con- 
siderable capacity is required, Dayton 
Cog-Belts will give the most satisfac- 
tory performance. Their exclusive de- 
sign permits exceptional flexibility. 
Die-cut raw edges provide high coeffi- 
cient of friction, transmit maximum 
power from sub-diameter sheave arcs, 


Misalignment | 


Angularity between centerlines 


Poralle. but offset pulleys 


Reverse direction or ‘Figure 8” drive 
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Misalignment causes uneven tensivn 
across the face of the belt—producing 
abnormal belt and pulley wear and un- 
even bearing loads. 


A suitable approach is to use highly 
extensible cords of the latest synthetic 
fibers in the strength band of the V-belt. 
Dayton’s Development Engineer can 
prescribe the material best suited to 
your needs, 


Fixed centers 


Proper tension cannot be maintained 
with fixed centers or where center dis- 
tance adjustment is inadequate. With- 
out proper tension, belts slip and need 
frequent replacement. 


Dayton V-Belts with low-stretch 
neutral-axis cords are best suited for 
applications with little or no provision 
for center distance adjustment. Still 
higher performance is gained if the 
belts have maximum cross-sectional 
stability which helps keep the belt from 
seating in the sheave groove. 


Back-side idlers 


Cracks will appear on the under side of 
the belt, since back-side idlers force the 
belt to flex in a direction contrary to its 
construction. Use of spring-loaded back- 
side idlers may result in belt-snapping. 


Where back-side idlers are used to 
provide tension take-up, they must 
never be smaller than the smallest pulley 
in the drive. Dayton V-Belts used in 
this case employ tension or stretchy 
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type materials in the compression sec- 
tion and have a relocated neutral axis. 


Excessive shock 


Excessive shock can cause the belt to 
snap as well as promote bearing troubles 
and sheave misalignment. 


Belts subject to excessive shock or 
heavy pulsation require strength band 
constructions which offer changeable 
ratios between stress and strain without 
taking a permanent stretch. Belts with 
soft cross sections — that will ride up 
and down in the groove — work well 
under shock as do wide angle belts. Any 
of these belts are available from Dayton. 


Using as a clutch 


V-Belts are ordinarily designed for con- 
stant loads and will burn when used as 
a clutch. 


But, belts especially designed for use 
as a clutch will readily slip when a load 


is suddenly applied or released. Dayton 
cover stocks used here have a low co- 
efficient of friction and high resistance 
to wear. 


DAYTON’S SPECIAL V-BELT 
ENGINEERING SERVICE 


Make use of Dayton’s Special V-Belt 
Engineering Service when you encoun- 
ter any of these designs. Your Dayton 
V-Belt design engineer is an expert who 
has devoted himself exclusively to V- 
Belt Drives. Your design may permit a 
minor modification which would adapt 
it to the use of low-cost standard V- 
Belts. Other standard Dayton V-Belts 
available for special applications are 
the Double-Angle V-Belt, the Double 
Cog-Belt, the Variable Speed Cog-Belt 
and the back-side idler V-Belt. 


With one of the finest research and 
development laboratories in the indus- 
try, Dayton research engineers con- 
stantly advance V-Belt knowledge. 
They develop basic theory, prove the 
characteristics of the newest composi- 
tions and materials available to the 
rubber industry and test the perform- 
ance of theoretical constructions. All of 
this acquired information is at your call 
when you need a special V-Belt. 


Now, while your design is on the 
drawing board, is the time to call your 
Dayton V-Belt design engineer. He'll 
help you select the V-Belt which is 
tailored to your specific drive. The 
result—a compact, versatile design 
which meets all your minimum design 
requirements and one that will give its 
users years of trouble-free service. 


Industrial Sales Engineers in Atlanta, Chicago. Cleveland, 
Davenport, Dayton, New York, San Francisco and St. Louis. 


Dayton Rubber 


THE DAYTON RUBBER CO., INDUSTRIAL O.E.M. DIV., DAYTON 1, OHIO 
WORLD’S LARGEST MANUFACTURER OF V-BELTS 


If you haven‘t received your copy of Dayton’s authoritative Handbook 
of V-Belt Drive Design and Selection, write for it now. 


Just give us your name, title, and the address of your firm. 
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." In the oilfields of Texas and Oklahoma... 
in the timber country . . . farmlands... . 
5 industrial areas . . . and on construction 


jobs large and small. Wherever big shouldered, hard driv- 
ing power is required — there you'll find Chrysler Industrial 
Engines at work. 


Look around. More and more manufacturers are powering 
with Chrysler when they build. More and more users are 
specifying Chrysler Power when they buy. Why? Because 
both have found that Chrysler produces more payoff power 
than any other industrial engine built today. 

See a Chrysler Industrial Engine Dealer — listed in the 
yellow pages of your telephone book — or write for detailed 
information: Dept. C-1, Industrial Engine Division, Chrysler 
Corporation, Detroit 31, Michigan. 


4 hae Vasher 


INDUSTRIAL ENGINES 


INDUSTRIAL ENGINE DIVISION ° CURSE R CORPORATION 
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In heavy-duty drives .. 
demand assurance of 


permanent, 
accurate 
shaft 


It’s yours...with these other “plus” 
performance features — in 


LINK-BELT Parallel Shaft Drives 


Under the shocks and overloads that are often 
imposed upon parallel shaft gear drives, rugged 
housing construction is compulsory if shaft 
alignment is to be maintained. That’s why 
Link-Belt adds special reinforcement at points 
of greatest stress . . . has developed this design 
expressly for endurance in heavy-duty service. 

Write for Book 2619 on this broad line with 
ratios to more than 300:1. Or get first-hand 
facts from your nearest Link-Belt office. 


Ball and Roller Bearings 
are of ample size and 
capacity to withstand 
shock and overloading. 


LINK: ®-BELT 


ENCLOSED DRIVES 

Precision Gears and 
Shafts are arranged to 
provide high reduction 

LINK-BELT COMPANY: Executive Offices, Prudential Plaza, ratios in small space. 

Chicago 1. To Serve Industry There Are Link-Belte Plants, 

Sales Offices, Stock Carrying Factory Branch Stores and Dis- 

tributors in All Principal Cities. Export Office: New York 7; 

Canada, Scarboro (Toronto 13); Australia, Marrickville, 

N.S.W.; South Africa, Springs. Representatives Throughout 

the World. 
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Grease-Lubricated Seals 
on all input and output 
shafts prevent entrance 
of dirt, water. 


Automatic Splash 
Lubrication reliably sup- 
plies oil to all gears and 
bearings. 





how Vacuum Metals FERROVAC 
solved critical surface problem for 
Bausch & Lomb... 


The jewelers’ rolls Bausch & Lomb use to roll gold- 
alloy wire for eyeglass frames must be mirror- 
smooth. Rolls of conventional air-melted alloys just 
didn’t work out economically. A normal amount of 
nonmetallic inclusions in the metal meant they 
had to be ground and reground, polished and 
repolished, before the surface was satisfactory. 
And even then, many rolls had to be scrapped 
when finishing uncovered inclusion pits. 

The solution to this problem proved to be 
Vacuum Metals FERROVAC® Airdi 150. A bet- 
ter finish was obtained without any regrinding— 
and the number of scrapped rolls fell to zero. 
Here’s why: Vacuum-melting removes the gases 
which create nonmetallic inclusions in the molten 


® 


metal before they get into the product. This means 
cleaner metal, smoother surfaces. What’s more, 
vacuum-melting improves fatigue, creep and 
impact strengths . . . reduces brittleness. 

Vacuum-melted metals are the answer to jobs 
where surface is critical—like gauge blocks, plug 
and ring gauges, rolls for aluminum foil—as well 
as many other specially demanding applications. 
They’re available in most grades and sizes, includ- 
ing special ferrous and non-ferrous alloys. Write 
now for a free analysis sheet on which to describe 
your application. It will help us both decide 
how vacuum-melted metals can serve you best. 
Vacuum Metals Corporation, Division of Crucible 
Steel Company of America, P. O. Box 977, Syracuse 
1, New York. 


VACUUM METALS CORPORATION 


Division of Crucible Steel Company of America 
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Helpful Data from 


.' DE LAVAL 





The efficiency of worm gearing is determined by frictional losses at the 
tooth contact, bearings and oil seals plus losses from oil churning and 
windage. A formula for efficiency at the tooth contact may be developed 
from a consideration of the forces at the contact. Figure 1 shows these 
forces acting on a developed section of the worm thread. For simplicity 
the pressure angle has been assumed to be zero. 


The coefficient of friction of the worm and gear is a function of the ma- 
terials, finish, lubrication and rubbing speed. The latter is the relative 
speed between a point on the pitch surface of the gear and one on the 
pitch surface of the worm. The coefficient of friction varies very little at 
high rubbing speeds but rises with increasing rapidity as the speed drops 
below 500 fpm. 


The efficiency formula developed in Figure 1 involves worm lead angle 
and the friction angle. Figure 2 provides a relationship between friction 
angle and rubbing speed based on tests made on accurately manufactured 
gearing consisting of hardened and ground worm and bronze gear 
operating in oil. 


262 Dw x » 
Vex 
Cos y 

The where 
formula V= Rubbing speed — feet per minute 
for rubbing Dw = Worm pitch diameter — inches 
speed is: » == Worm speed — rpm 

y= Worm lead angle 


FIGURE 1. 
Development of equation for efficiency at 
contact between worm and gear 





F TAN (7 +8) F—TANGENTIAL FORCE ACTING ON 
GEAR 


F TAN (y + @) = TANGENTIAL 
FORCE APPLIED TO WORM 


F SEC ( y + 6) COS @ = FORCE 
NORMAL TO CONTACT SURFACE 


F SEC (y + 0) SIN @ = FRIC 
TIONAL FORCE 
WORK REALIZED 
WORK APPLIED 
L_XxF 
~~ & COT yXF TAN (y+) 
; TAN y ; 

PITCH CIRCUMFERENCE OF WORM=L COT Y==7 Dw pigs TAN (7¥ +0) 


EFFICIENCY — 


FIGURE 2. FRICTION ANGLE 
B32 7 6° ° a 48’ 


RUBBING SPEED FEET PER MINUTE 


Pencil Bushing 

7/32” = 201-13 Aluminum; 
75% scrap. 

Estimated Savings 46.0% 


Spacer for Clock 


<Pale) 201I-T3 Aluminum} 
yA0) scrap 


Estimated Suvings 49.0% 


Ferrule Sleeve from | 
Hydraulic Brake Fitting 
ovale) 20H-T3 Aluminum 
cr $ 


IU lelgels 


Estimated Savings 47.0 





Fitting 


5/16" Hex =2011-T3 Aluminum; 


55° scrap. 
Estimated Savings 44.0°% 


$ 





Spacer for Clock 


7/32" Hex #2011-T3 Aluminum 


rove) al doje) 
Estimated Savings 48.6% 





Pencil Point 
Bushing 
14 2011-T3 Alun 


Estimated Savings 40.5% 
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ee e > f° ASK ALL THREE 


why these eight screw 
machine parts were 
converted from brass to 
Kaiser Aluminum... 


Operators say 
“easy to machine”... 





Designers say 
“exceeds requirements”... 





Management says “saves 
“saves money.” 





Let us assist you 

in designing lower cost 
screw machine parts 
with... 


Kaiser Aluminum 


Estimated Savings 24.8% 


For complete information and expert assistance, call one 
of our many distributors, or look for our local number in 
your classified telephone directory. 


Kaiser Aluminum & Chemical Sales, Inc., General Sales 
Office, Palmolive Bldg., Chicago 11, Illinois; Executive 
Office, Kaiser Bldg., Oakland 12, California. 


See “THE KAISER ALUMINUM HOUR.” Alternate Tuesdays, 
NBC Network. Consult your local TV listing. 
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National Torque Converters are manufactured 


with or without integral cooling systems 


Plan now to [PISSIGIN 


with National Torque Converters 


The simplicity of design of National 
Single-Stage Torque Converters per- 
mits exact matching of torque con- 
verter to prime movers of 100 to 
1000 horsepower. Installation is 
simple and easy on stationary as well 
as mobile equipment. When matched 
to your prime mover, the National 
Torque Converter assures uniform 
top performance on every job. It will 
give your equipment a constant flow 
of smooth, steady power over a wide 
range of loads. It permiis quicker 


THE NATIONAL SUPPLY COMPANY 


starting and faster acceleration of 
loads, with no lugging or stalling of 
the prime mover. The torque con- 
verter absorbs the shock of sudden 
overloads, permitting the prime 
mover to operate at all times at 
governed or optimum speed. 

Our engineers will gladly discuss 
the application of National Torque 
Converters to your equipment and 
help you select exact size and torque 
capacity. Why not call on them? Or 
write for Bulletin No. 468. 


INDUSTRIAL PRODUCTS DIVISION 
Two Gateway Center, Pittsburgh 22, Pa. 


Pace-setters in the progress of 


industrial power transmission 
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Consider these 
National Torque Converter 
features 
@ SIMPLICITY OF DESIGN for ease of 


installation, operation and maintenance 


@ FULL RANGE OF CIRCUIT SIZES per- 
mits exact matching to prime movers of 
100 to 1000 horsepower 


@ TOP PERFORMANCE enables engine or 
motor to operate at its optimum speed 
... deliver maximum horsepower 
constantly 


@ REPRODUCIBLE EFFICIENCY assures 
uniform top performance on every job 


e FASTER JOB CYCLES means more loads 
pe: equipment per operator per day 


@ UNSURPASSED DURABILITY provides 
longer service life with minimum main- 
tenance 


Typical 
performance curves 








SPEED RATIO 


Curve shows torque-speed ratio for series 
B-275-100 National Torque Converter. Per- 
formance Curves of all six sizes and 17 hy- 
draulic circuits covering the 100 to 1000 
horsepower range are available on request. 


National Torque Converter 
Capacity Chart 


8 


CAPACITY IN HORSEPOWER 
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STAINLESS 
STEEL 
MAKES THE 
DIFFERENCE 


...1ts effect on 
modern equipment 


Sanitation ... easy maintenance... 
inherent cleanliness ... ready adapt- 
ability to a host of different shapes 
and forms—these are a few of the 
reasons why more and more design- 
ers of food processing, dairy and 
beverage equipment specify stainless 
steel. 
You’ll find it in tubing, tanks, bulk : 

coolers, autoclaves and dozens of -- inee eee OOO 45.12 
other vital pieces of equipment in ia te eee 
many different industries. ifp 7. 7 cy 





Stainless steel’s superior resist- 
ance to corrosion... ready avail- 
ability in scores of work-saving 
standard shapes adaptable to many 
needs ... ease of machining, form- 
ing, joining and casting combine to 
give equipment producers greater 
freedom of design. 

For more information about stain- 
less steel and its growing effect on 
equipment design and selling prob- 
lems, see your stainless steel supplier 
or write ELECTROMET—leading pro- 
ducer of more than 100 alloys for 
the metal industries, including chro- 
mium and manganese used for mak- 
ing stainless steels. 


ELECTRO METALLURGICAL 
COMPANY 
A Diwision of 2 . L 
Union Carbide and Carbon Corporation Sanitation is a powerful selling 


tool in the beverage, food process- 
30 E. 42nd Street {3 New York 17, N. ; A ing and dairy fields. That’s why 


METALS DO MORE ALL THE TIME the use of sanitary, easy-to-clean 
«++ THANKS TO ALLOYS stainless steel is growing so fast. 


Klectromet 


TRADE-MARK 
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Get this free 
sample kit of 
precision 
castings 





Here are the kind of precision castings 
Muskegon’s Sparta Foundry can produce 
at surprisingly low cost. These small parts 
are actual samples of the workmanship 
and materials available from the world’s 
largest piston ring casting foundry. Close 
examination will show that some of these 
castings are completely finished—surface 
ground, deburred, drilled, reamed and 
, tapped—ready for immediate installation. 
Others are partially finished—with cast-in 
holes, recesses and projections. These 
parts typify how Sparta can reduce or 
completely eliminate your finishing and 
machining operation—with width toler- 
ances held to within plus or minus .001”; 
flatness and surface finishes to your speci- 
fications. Write Sparta for your kit of 
miniature sample castings now! 


Qimce 192)... The engine builders’ source ! 


Tuiton King? 


| SPARTA FOUNDRY CO. 
' SPARTA, MICH. 






AFFILIATE: 


Rotary Seal Division, manufacturers of me- 
chanical seals for rotating shafts. Plants at 
Chicago, III. and Sparta, Mich. 
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New NEOPRENE closure strip weatherproofs 
corrugated roofing and siding 








Tire sidewall 


of HYPALON" 
stays white, resists 
sunlight, ozone 


A leading tire manufacturer has greatly 
improved the appearance and perform- 
ance of whitewall tires by using a special 
rubber compound which includes a sub- 
stantial amount of HyPALON, Du Pont’s 
new synthetic rubber. Road tests in the 
Los Angeles area show that the in- 
clusion of HyPALON keeps the sidewall 
from cracking and becoming discolored. 

Chief reason for this success is the 
outdoor stability of HyPALON. Minute 
traces of ozone in the air are the primary 
cause of whitewall deterioration, but 
HyPALON is completely unaffected by 
ozone. It also withstands sunlight, weath- 
ering and discoloration far better than 
other kinds of rubber. 


idea for extra-long service 


HyYPALON also has many other properties 
of interest to designers. It shows un- 
usual resistance to hardening at elevated 
temperatures (250°-350°F.) and has ex- 
cellent resistance to solvents and chem- 
icals, including strong oxidizing agents. 
These properties make HyPALON a wise 
choice for use in many industrial prod- 
ucts, such as gaskets, molded parts, 
diaphragms, belt, hose—any resilient 
product that must give long cost-saving 
service where service conditions are se- 
vere. Just clip coupon for more informa- 
tion about HYPALON. 


Lasting whiteness for sidewalis is now 
a reality with HYPALON. This versatile 
synthetic rubber can aiso be com- 
pounded in an unlimited range of light- 
fast colors. 


CORRUGATED 
SIDING 


SIDE WALL—=FOUNDATION JOINT 


| 
| 
| 
| 





> 





FOUNDATION 





CURB 
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NEOPRENE CLOSURE STRIP 











Elastic strip withstands temperature 
extremes ... eliminates caulking 


A new neoprene closure strip has been 
developed which, according to the manu- 
facturer, will solve the problem of weath- 
erproofing corrugated roofing and sid- 
ing. Only an inch wide, this non-porous 
closed-cell neoprene closure strip is die- 
cut to fit corrugations, forming a snug 
seal. Neoprene’s long service life assures 
lasting protection for a building’s ex- 
terior from dust, dirt, water and air—at 
minimum maintenance. 

The closure strips are installed on 
roofing under the aprons of ridge roll 
and under flashing sections at roof junc- 
tions and side walls. They're fastened at 
the same time as the corrugated sheeting. 


HYPALON is a registered trademark of 
E. I. du Pont de Nemours & Co. (Inc.) 


8€6.u. 5. pat. OFF 


(Above) Diagram shows position of neo- 
prene closure strip on side wall. (Left) 
Close-up shows manner of boiting neo- 
prene strip to flashing section. 


No separate caulking is required. 
Neoprene’s elasticity and lasting resist- 
ance to weathering, temperature extremes 
and aging are vital to the success of the 
closure design. The strip stays elastic, 
won't become brittle and then crack in 
cold weather or become soft and sticky 
in hot weather. You may find just the 
properties your designs need in neoprene, 
Du Pont’s versatile synthetic rubber. For 
more information, just clip the coupon. 
r Lat af. a my 


Hundreds of feet of neoprene closure strip- 
ping are used at roof, side wall, window 
and door junctures of this typical building. 
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BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY 


(_] I am particularly interested in 








[_] Please add my name to the mailing list for your free publication, “The 


Elastomers Notebook.” 


Name 





E.1.du Pontde Nemours &Co.(Inc.) gir 





Elastomer Chemicals Dept. MD-1 4ddress 


Wilmington 98, Delaware City 














AMPCO —ONE-SOURCE SERVICE FROM RAW MATERIAL TO FINIGHED PROOUCT 


Does your sketch suggest 
a copper-base alloy?... 


Ampco can supply it, 
in the form that’s best 


You enjoy design flexibility, 
with versatile Ampco alloys 


Among more than 100 Ampco copper-base 
alloys is the one you need for 


— resistance to wear, impact, fatigue, corrosion 

— excellent bearing qualities 

— retention of physical characteristics at 
temperatures from 600°F down to —400°F. 


And equally important, you can select the best, 

most economical form of production — sand casting, ' 
centrifugal casting, shell mold, precision casting, 
forging, fabrication, extrusion, sheet, plate. 


Call in your Ampco field engineer. 
Write for Bulletin 33. 


Sand castings in any size up to 14,000 Ampco’s one- source service includes pe. 2,275-ton hydraulic press in Ampco’s modern, 
loys 


wnds — and centrifugal castings up to duction-run machining of copper-base al laboratory-controlled mill for extruding rods, 
ive tons—are produced in Ampco foundries. to quality standards of the aircraft industry. bars, hollow rounds, and shapes. 


THE METAL WITHOUT AN EQUAL 
AMPCO METAL, INC. Dept. MD-1 Milwaukee 46, Wisconsin * West Coast Plant: Burbank, California 
>> —. TI, 6; rod : 


CAST-TO-SIZE 


SHIELL-MOULDED CENTRIFUGAL EXTRUSIONS SAND FABRICATIONS SHEET MACHINED FORGINGS 
CASTINGS PARTS CASTINGS 


CASTINGS CASTINGS AND PLATE 


56 Circle 441 on page 19 Circle 442 on page 19> 








-. Need a Limit Switch? 


= 






Here are samples of A-B quality limit switchies—a line so 








complete it will satisfy your every requirement! 










reo 
af 

OILTIGHT 

Bulletin 802T—For high-speed production 

machines. Sealed to protect the switch 

against oil and coolants. 





GENERAL PURPOSE 


Bulletin 801—Standard or heavy-duty 
rating, with roller, push type, or fork 
lever action, and slow or 

snap action contacts. 







Bulletin 803 Cam Limit 

Switch used on rotating 

- \ Lilelailial +B lome) ol -lamelale Malet t- 
circuits at any desired 
angular position. 





PRECISION 


Bulletin 802—For applications where 
mounting space is small and operat- 
ing motion is measured in 


7NGR 1-9) a> ae Tope nosey aoe 
. ‘ - | : | a 1-57-MR 
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Allen-Bradley Co., 1316 S. ‘Second St., Milwaukee 4, Wis. @ In Canada—Allen-Bradley Canada Ltd., Galt, Ont. 
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PHASE FAILURE 
AND PHASE 
REVERSAL RELAYS 


Yes...Allen-Bradley ~ Terry BULLETIN 812 
>» 


e f a a Style A disconnects 
covers the field ' | motor if one phase of 
i | power circuit fails. 
Style B protects 
against phase rever- 
sai, as well. 


No matter »vhat your needs for pilot 
control devices may be... refer to >. 4) 
the new Allen-Bradley “handy” catalog OILTIGHT & PRESSURE 
.. + you will usually find what you PUSH BUTTON A) CONTROLS 
are looking for. If not, please write STATIONS ik <) BULLETIN 836 
Milwaukee, or contact your nearest BULLETIN 8OOT For noncorrosive liq- 


Allen-Bradley representative. For machine tool ap- vids, vapors, gases, 
plications, to keep oil from 30 in. of vacuum 


away from the con- to 700 psi. Accurate, 
tacts. Available in rugged, compact, and 
flush,surface,or pend- attractive appearing. 
ant mounting. 


All pilot controls are made to 
Allen-Bradley standards of quality. 
All of them have silver alloy contacts 
that require no service attention. 
You'll find it saves service time 

and money to specify Allen-Bradley. 


PLUGGING 
SWITCHES 
BULLETIN 808P 
Used with a simple re- 
versing switch, it pro- 
vides quick, automatic 
stopping of machines 
driven by squirrel 
cage motors. 


FOOT SWITCHES 
BULLETIN 805 


For operating punch 
presses, riveting, weld- 
ing, and many other 
machines. Switch has 
snap acting, normally 
open and normally 
closed silver alloy 
contacts. 


TIMING 
RELAYS 


BULLETIN 849 


A reliable and accu- 
rate pneumatic timer 
with a range of 1/6 to 
180 seconds. Many 
arrangements. Motor 
driven, electronic and 
oil dashpot timers 
also available. 


ZERO SPEED 
SWITCHES 
BULLETIN 808 

A plugging switch that 
brings squirrel cage 
motors to zero speed 
quickly, without any 
reversal of direction. 


TEMPERATURE 
CONTROLS 
BULLETIN 837 

For temperatures from 
—45°F to 440°F, 
Metal bellows oper- 
ates snap action pre- 
cision switch with pure 
silver contacts. 


FLOAT SWITCHES 
BULLETIN 840 
Provide automatic 
control for motors op- 
erating tank or sump 
pumps. 


PRESSURE 
SWITCHES 


BULLETIN 830 


For domestic water 


pumps, and commer- 
cial and industrial air 
compressors. 


eltitela 


SWITCH ALLEN-BRADLEY rr. 
SWITCHES i + the all 
® 1e ATen- 


BULLETIN 806 


Cam operated switch- 
es for the selection or 
transfer of various eccyehnmaui ial 
control circuits. Silver : 

alloy contacts. Allen-Bradley Co., 13165 Second St., Milwaukee 4, Wis alikel elie 


staekolt-h am alelileh a @kehiol (ole) 


It is a veritable 


aslehiolam ae) shige) | 
In Canada—Allen-Bradley Canada Ltd., Galt, Ont 
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wHaTt 1s YOUR -f PARTS PROBLEM? 


The RIGHT solution can save you money 





. . and chances are, Aetna can accuracy and stability so essential for 
provide it. Many of the production and sustained peak efficiency and longest 
application problems of parts which are life expectancy. 
troublesome to you today, may have 
already been successfully studied and 
resolved by our design and application 
engineers. From hundreds of case his- 
tories they can give you valuable 


Versatile facilities enable Aetna to do 
a complete job in parts for O.E.M. cus- 
tomers—from research through manu- 
facturing—with all the advantages of 


counsel—help you make certain that 
the vital parts that go into your prod- 
ucts will provide the dimensional 


single source control and responsibility. 
Why not outline YOUR parts problems 
for our study and proposals. 


AETNA BALL AND ROLLER BEARING COMPANY 


Division of Parkersburg-Aetna Corporation 


4600 Schubert Avenue 


Chicago 39, Illinois 


Standard and Special Ball Thrust Bearings ¢ Angular Contact Ball Bearings e Radial Ball Bearing Mounted Units 
Special Roller Bearings e Ball Retainers e Hardened and Ground Washers Sleeves e Bushings e Miscellaneous Parts 
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CALL ON R/M ENGINEERING SERVICE 


Huge dynamometer at R/M plant in 
Passaic, NJ. On this dynamometer, 
one of the world’s lorgest and most 
useful, the performance of friction 
materials in entire brake and clutch 
assemblies can be thoroughly tested. 


Two clutch tests can be performed simultaneously on 
this Long clutch machine at the R/M plont in Manheim. 


Friction and wear characteristics are tested continuously. the R/M plant at Bridgeport, Conn. 


Aircraft landing and takeoff conditions are approx- 
imated on this heavy duty inertia dynamometer in 


On R/M dynamometers a special Uni-Tork valve invented by R/M subjects 
brakes to a uniform rate of deceleration and helps produce test data more 
successfully related to field conditions than possible heretofore. 


LAB AND FIELD TESTING SOLVES 
FRICTION PROBLEMS YOU MAY BE FACING NOW 


The one sure way to learn how friction materials will perform in 
new applications is to test them—in the laboratory or in the 
field—and see. That’s why Raybestos-Manhattan, world’s leading 
maker of friction materials of all types, has the world’s most 
complete, mest adaptable testing facilities. 

R/M testing equipment ranges from comparatively simple 
machines to giant inertia dynamometers, including one of the 
biggest ever made. 

Much of this testing equipment was actually designed by 
Raybestos-Manhattan. And with it, the behavior of friction ma- 
terials in applications ranging all the way from heavy duty 
railroad brakes to tiny fishing reel drags can be thoroughly and 
accurately explored for you by R/M engineers. 

Remember, unlike any other manufacturer, R/M works with 
all kinds of friction materials—from woven and molded asbestos 


SPECIALISTS 
SINTERED META 


Brake Blocks, Linings | Mechanical Packings 
and Clutch Facings and Gaskets 


IN ASBESTOS, 
L, ENGINEERED PLASTICS 


Abrasive and 
Diamond Wheels 


to cork-cellulose and sintered metal—and tests all kinds. As a 
result, R/M has acquired a wealth of knowledge about friction ma- 
terial performance that could solve problems you may be facing. 

If you are working with friction materials, call in an R/M 
representative now. The complete facilities of R/M’s seven great 
plants, with their research and testing laboratories, are as near 
as your telephone. 


Write for your copy of R/M Bulletin No. 500. 
It‘s loaded with practical design and engineer- 
ing data on all R/M friction materials. 


EQUIPMENT SALES DIVISION 


Raybestos-Manhattan, Inc. 
Bridgeport, Conn. 


Lh 


Conveyor 
Belts 


Industrial and 
Automotive Hose 


Industrial 
Drive Belts 
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FOR HELP IN SOLVING YOUR PROBLEMS 


R/M FABRIC PISTON CUPS... 


quality where it counts 


If you want top performance in hydraulic and pneumatic 
applications, specify R/M Fabric Piston Cups. Here’s 
why : precision molding produces dimensional uniformity 
and completely effective sealing; polymer-saturated fabric 
prevents internal destruction from wicking action, resists 
ply delamination. Furthermore, careful quality control 
assures consistent hardness and strict adherence to in- 
dustry standard sizes. 

The full R/M line includes packings and gasket sheets 
for use against gases, water, steam, oil, chemicals, solvents 
and food products. Feel free to call on R/M’s specialized 
engineering service, if you have a problem involving any 
of these materials or products. 


For booklet shown, or other data, 
write, phone or wire: 
PACKING DIVISION 
Raybestos-Manhattan, Inc. 


Passaic, N.J. 
GRegory 3-2000 


R/M ENDLESS BELT 
Outlasts 3 to 10 Ordinary Belts 


Only one take-up in over 3 years of 24 hour daily service 
“proved” Condor Whipcord Endless Belt on a pulp 
beater drive . . . and it can do the sare for the equipment 
you design! Endless wound, sealed-in cord construction 
offers exceptional advantages in drives with short centers, 
small take-up, small pulleys, reverse bends, high speeds, 
or heavy loads at high tensions. 

Condor Endless Belts are unaffected by moisture and 
atmospheric changes, and with exclusive “‘Extensible Tip” 
cover splice and rubber rivets they have outlasted 3 to 10 
ordinary belts on many drives. If your design calls for 
endless transmission belts—or conveyor belts, V-belts, 
hose, molded rubber products—let an R/M industrial 
rubber specialist work with you. 


For booklet shown, or other data, 
write, phone or wire: 


MANHATTAN RUBBER DIVISION 
Raybestos-Manhattan, Inc. 
Passaic, N.J. 

GRegory 3-2000 


RAYBESTOS-MANHATTAN, INC. 


FACTORIES: Passaic, N.J. e Bridgeport, Conn. e Manheim, Pa. « No. Charleston, S.C.« Crawfordsville, Ind.e Neenah, Wis.ePeterborough, Ontario, Canada 


; ~ 
© 
! 


Rubber Lined and Sintered Metal Asbestos Industrial 
Covered Equipment Friction Elements Textiles Adhesives 


Teflon Tape, Packings, 


Engineered Molded 
Sheets, Rods, Tubes 


Rubber and Plastics 
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CLEVELAND SPECIAL HEADED AND THREADED PRODUCTS 


This Cleveland special % x 3% in. low-carbon-steel stud is used in 
quantity by a large manufacturer of electrical equipment as part 
of the tap changer indicator assembly on distribution transformers. 


Cost of special collar stud is cut 20% 
by Cleveland’s cold forming techniques 


The famous Kaufman Double Ex- 
trusion Process which turns out 
millions of Cleveland precision cap 
screws yearly is highly adaptable 
to low-cost production of your fast- 
ener-type specials. 

The tap changer stud pictured 
above is typical. Used by a well- 
known electrical equipment manu- 
facturer, it was previously cut from 


a EES 


Black area represents metal that had to 
be cut away when stud was produced by 
machining. In the Cleveland cold form- 
ing process almost all the metal in the 
working slug is present in the finished 
part. The customer saves the difference. 
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bar stock. The special head, double 
shoulders, and groove above the 
threads meant numerous machin- 
ing operations and considerable 
scrap. 

Cleveland now cold forms this 
special stud at 20% less cost to the 
customer, while holding the spec- 
ified .005 in. tolerance. And the 
part is stronger. In the head, threads 
and fillets, grain flow is symmetri- 
cal and unbroken. In addition, the 
forging action of the Kaufman proc- 
ess toughens surface metal while 


leaving the core ductile. Both fa- 
tigue resistance and tensile strength 
are thus increased. 

We are regularly cold forming 
close-tolerance specials—many with 
unusual or extreme upsets—in large 
quantities. So whether your part is 
simple or complex, it will pay you 
to check with Cleveland, particu- 
larly at the design stage. There is 
an excellent chance that through 
cold forming we can cut the cost 
and improve the physical proper- 
ties of the part you have in mind. 


Write for a copy of our folder “Specials by Specialists”’ 


THE CLEVELAND CAP SCREW COMPANY 


4444-6 Lee Road, Cleveland 28, Ohio 
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at wo mxtra cnarse | --- A MAJOR IMPROVEMENT 
IN LUBRICATING SPHERICAL ROLLER BEARINGS 





Originally, lut 


Nobody but SKF Offers This to You 
on Spherical Rolier Bearings 


Once again & KF offers another important innovation 
in spherical roller bearing design. Available in spherical 
roller bearings 140 mm (5.5118”) O.D. and larger, this 
feature represents a still further improvement to the 
proven &KF Type “C” Spherical Roller Bearing. 


The new design allows the lubricant to enter at the 
center of the bearing and move outwardly — completely 
covering all working surfaces. Old lubricant is flushed 


away from the bearing and, with it, any abrasive dust, 
dirt, moisture, or other impurities. 

You can use this improved bearing in your existing 
housings simply by moving the lubrication fitting to 
the center. 

Here again is an example of how SKF helps you to 


obtain longer bearing life, at no added cost. Send for 
Bulletin No. 443 for complete details. 7781 


EVERY TYPE—EVERY USE 





Ball Bearings 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 


Tapered Roller Bearings (“Tyson ) 





7 Q Cylindrical Roller Bearings 
® = Spherical Roller Bearings 
oe 


*Reg. U.S. Pat. Off. Tyson Bearing Corporation 
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NOW! 


Get precision switching completely 
free from environmental conditions 


ewith the KLIXON KX4 Sine Switch 


Here’s a small precision switch especially designed for use 
in aircraft and guided missiles, jet engine speed and fuel 
controls, signalling devices and precision instrumentation, 
chemical and packaging machinery, and industrial equip- 
ment. ; 


KLIXON KX4 Sine Switches are sealed in an extra 
strong steel case designed to withstand heavy impact and 
compression loads. True hermetic sealing is achieved with 
a metal “‘wave type” diaphragm at the actuating lever. 

The KLIXON KX4 Sine Switch has maximum clear- 
ances between current carrying parts. It can be ganged 
easily for multiple pole operation and is adaptable to many 
types of actuation. 


KX4 with leaf actuator KX4 with roller-plunger actuotor 


METALS & CONTROLS CORPORATION 
SPENCER THERMOSTAT DIVISION 
FOREST STREET, ATTLEBORO, MASS., U. S. A. 


Basic KX4 Sine Switch 


Circle 447 on page 19 


3X cut-away view of KLIXON KX4 Sine Switch 


KX4 with roller-leaf actuator 


Other features of the KX4 include: 


@ HIGH CURRENT CAPACITY . . . unique 
design cf Sine Blade eliminates knife 
edges .. . provides double current = 
through blade . . . gives efficient heat 
dissipation and long electrical life. 


@ HIGH SHOCK AND VIBRATION RESIST- 
ANCE... precise operations unaffected 
by shock as high as 200 g’s . . . vibra- 
tion of 40 g’s, 0-500 eps. 


@ WIDE AMBIENT TEMPERATURE RANGE 
. . . continuous operation at tempera- 
tures as high as 200°F . . . precise op- 
eration unaffected under rapid cycling 
from —65°F to +200°F within five 
minutes. 


@ STANDARD SIZE . . . meets Frees 
requirements of Military Stand 
234. 


Technical Data Sheets on the KX4 and 

other KLIXON Sine Switches now in 
roduction are available. Write for 
ulletins PRSW-2, 3, 4 and 5. 


KX4 with roller-leaf actuator 


LIxON 
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Compact power relay— 
high contact ratings 


More relay for your money—that's 
the big thing you get when you spec- 
ify Ward Leonard's Bulletin 105 for 
light power switching jobs. 

No delicate, misapplied telephone- 
or instrument-type relay, the 105. 
From rigid phenolic base to ample 
silver-to-silver, self-cleaning contacts, 
the 105 is built to deal with power... 
just like the larger Ward Leonard re- 
lays and contactors. And yet it’s ex- 
tremely compact and low in cost. 

You'll find the Bulletin 105 relay— 
in SPST, SPDT, DPST, and pppT types— 
ideal for controlling power to electric 
heaters, signals, pumps, radio and Tv 
transmitters and public address sys- 
tems. 

Check your catalog file today for 
Bulletin 105. If it’s missing write to: 
Ward Leonard Electric Co., 58 South 
Street, Mount Vernon, N. Y. (In Can- 
ada: Ward Leonard of Canada Ltd., 
Toronto. ) 7.1 


” 


ENGINEERING DATA 


SINGLE POLE BULLETIN 105 RELAY 


Contact Ratings 





D.C. Amps.* 
Volts N.O. N.C 


A.C, Amps.* 





0-24 
25-125 
126-250 

















*Ratings are non-inductive. 
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COIL voLTs: 6, 8, 10, 12, 24, 32, 48, 115, 230 
AVG. COIL WATTS: 2 D.C., 8.75 A.C. 
PICK-UP : 85% or less of rated voltage 
WEIGHT: 5 ounces 

TERMINALS ; Stud type 


LIVE BETTER...E/ectrically és) 
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Headquarters of the Metallurgical Products Departme:t of General Electric Company, 11126 E. 
8 Mile Blvd., Detroit 32, Michigan. Carbides, vacuum-melted alloys, and hevimet are made here. 
G-E permanent magnets and speciaity resistors are manufactured in the Edmore, Mich., plant. 
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CAN LOOK FORWARD TO FROM 


ELECTRIC'S 
PRODUCTS DEPARTMENT 


The new G-E Metallurgical Products Department 


January 24, 1957 


is the successor to the Carboloy Department. 


Here’s what this change will mean to you. 


Since 1928, the General Electric 
trademark ‘‘Carboloy”’ has been 
identified with a brand of cemented 
carbide. First used solely as a cutting 
tool material because of their 
strength and toughness, carbides 
have more recently become one of 
the designer’s most effective wear- 
proofing materials. 


Carboloys cemented carbides are 
manufactured by the new Metallur- 
gical Products Department—successor 
to the Carboloy Department, which 
G-E organized to produce this metal 
for industry. But today carbides are 
just one of a broad range of products 
and materials this Department manu- 
factures—many of which do not carry 
the famous Carboloy trademark. 


These include G-E Alnico perma- 
nent magnets, thermistors, and 
Thyrites varistors which have helped 
solve many basic design problems 
in the electrical and electronics in- 
dustries. And G-E vacuum-melted 
alloys, and hevimet, which are now 
making important contributions to 
advanced aircraft, automotive, and 
atomic energy programs. 


Thus, the new departmental name 
symbolizes the broadened scope of 
this Department’s activities . . . a 
scope which will have far-reaching 
effects for design engineers in every 
phase of industry. 


For General Electric — through its 
Metallurgical Products Department 
and the G-E Research Laboratory 
—is carrying on fundamental in- 
vestigations which are extending the 
frontiers of metallurgy. 


For example, the process which 
created G-E man-made diamonds 
may yield new structural and design 
materials which do not even exist in 
nature. And General Electric’s work 
in powder metallurgy, metallic 
oxides, and semiconductors — which 
produced many of the products men- 
tioned above—has a _ fascinating 
future all its own. 


New products, and new methods 
of utilizing these products, are on 
their way. And when they are de- 
veloped, they, too, will come to you 
from the new G-E Metallurgical 
Products Department. 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 
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Another Good Gear on the Way 


Here’s a piece of work that is 
destined to become a transmission 
gear. The machinist has found it 
easy going because of the highly 
dependable blank he’s using. Right 
from the start, he has had smooth 
sailing. 

The blank was made by Beth- 
lehem’s forging-and-rolling process, 
a method of manufacture that is 
unique. By combining both forging 
and rolling in a single operation, 
this process imparts uniform density 


and smooth, regular grain flow. As 
a result, the metal cuts away cleanly 
and fast, and there is no hidden 
trouble to plague the machinist. 

This is important. But even 
more important is strength. In Beth- 
lehem blanks, there’s strength in 
abundance—the strength and sound- 
ness essential for gears, crane wheels, 
sheaves, flywheels, and other cir- 
cular products. 

These sturdy steel blanks can 
be furnished in sizes to 46 in. OD, 


so there’s a wide range of choice. 
There’s also available an excellent 
variety of sections. 

For full details, we suggest you 
call our nearest sales office—or write 
for Booklet 216, which’ contains 
more than 80 photographs and a 
wealth of helpful information. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 
On the Pacific Coast Bethlehem products are sold 


by Bethlehem Pacific Coast Steel Corporation. 
Export Distribu’or: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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Meo} fei ate] 84, fell» LIFE... 


with NAMCO'S exclusive. ' ‘HARDMETAL"- 7-1 fe [-Ye! 
plunger bonding 


Standard or Custom Models 
To Fit Your Design 


‘‘HardMetal’”’-welded plunger bond- 
ing prevents mushrooming at the 
vital point of impact—withstands 
incessant pounding of the plunger on 
the frame. Long plunger life, and 


Plunger 


thus long solenoid life, is further in- “Werdihetat"- 
sured by hard chrome plating upper Welded At 
guide edges of plunger laminations 

to reduce friction and wear. 


point of Impact 


Namco standard solenoids are Centrally 
available in six series of pull and ae don 
push types; custom-engineered sole- 
noids in every size and type can be 


made to meet your specifications. 


Stainless 


Standard “‘HardMetal’’-Welded Solenoids are fur- 
nished push or pull type in sizes with ratings from 
2-1/2 to 21 pounds at 1/2” stroke and from 2 to 
25 pounds at 1” stroke. 


Ask us to send a National Acme Representative to discuss your prob- 
lems, or if you want more information first——send for BULLETIN EM-52, 


ELECTRICAL MANUFACTURING DIVISION 


THE NATIONAL ACME COMPANY ° 188 EAST 131ST STREET * CLEVELAND 8, OHIO 
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"4 
di America’s Future 
Lifeline 





SMOOTHER AND SAFER ROADS 
ARE BEING BUILT FASTER... 
THROUGHOUT AMERICA wit 


HVORAULIC POWER delivered thru 
EASTMAN HYDRAULIC HOSE ASSEMBLIES |FReR Rees cncecy 


Modern Hydraulics will put millions of horsepower IN HYDRAULIC POWER 

to work building America’s roads . . . maneuvering Specify EASTMAN 

mighty earth-moving machines with finger-tip ease. HYDRAULIC HOSE ASSEMBLIES 

Grading, loading, leveling and finishing will be easier, 

more economical—saving time, money and manpower. am = 
Many Pioneer Manufacturers of modern road EASTROAN'S ew “WL#LO” couPUNe 
building equipment have, from the beginnin DELIVERS A MAXIMUM OF POWER 
of hydraulics—equipped their machines wit 
Hydraulic Hose Assemblies made by the very 


first pioneer manufacturer in this field— 
EASTMAN of Manitowoc, Wisconsin. 
EXCLUSIVE GRIP ADVANTAGES WITH 


Eastman’s Continued Leadership has been main- isa & ae teen 
tained through advanced engineering and design— 

plus materials and workmanship which are so high z..a 
that they are accepted by many Original Equipment eae Gaaee 
Manufacturers as the standard for the industry! EASTMAN RE-USABLE COUPLINGS 


Eastman Is Geared to supply the critical demand oe) 

for performance-tested Hydraulic Hose Assemblies j ss 

which will more than meet the roughest road building ADAPTERS AND ADAPTER UNIONS, 
° ’ ] STRAIGHT, ANGLED, TEES FOR HOSE 

construction hazards. Many ’round the clock oper- 7] ASSEMBLIES AND RE-USABLE COUPLINGS 

ations will now run into year-’round schedules, and ; 

Eastman’s new production facilities stand ready to on igh agen ct 

provide dependable shipments, service and satisfaction. \ UNIONS, ELBOWS, "0" RING 

: j ADAPTERS AND LOCKNUTS FOR 
“ais ALL HOSE ASSEMBLIES, 


SEE YOU | RE-USABLE COUPLINGS 
AT THE ROAD SHOW 
JAN. 28th-FEB. 2nd 


BOOT . 
ah asi WRITE for bulletin to suit your 


‘ ; (North Halt—2nd Floor) 
Dept. MD-1, Manitowoc, Wis. needs or send specifications 
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7 NOTHING can 
equal Stainless Steel 


in its unique combination of properties 


For Formability... 


Jet engine and pressure vessel 
makers are using roll-formed 
rings in large numbers these days. 
Alloy Manufacturing Company 
in Pittsburgh is a major supplier 
of Stainless Steel fabricated parts, 
and they process this steel on or- 
dinary “carbon steel rated” 
equip.nent without difficulty. 








No other design material can match Stain- 

less Steel in its unique combination of 
| desirable properties: corrosion resistance, 
| strength, hardness, beauty, cleanability 
and easy fabrication. If you’re looking for 
a reliable source of supply, remember that 
United States Steel offers you the widest 
range of types, finishes and sizes. 












UNITED STATES STEEL CORPORATION, PITTSBURGH 
AMERICAN STEEL & WIRE DIVISION, CLEVELAND 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
NATIONAL TUBE DIVISION, PITTSBURGH 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 


UNITED STATES STEEL SUPPLY DIVISION, 
WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS 
STAINLESS STEEL 


SHEETS - STRIP - PLATES - BARS - BILLETS 
PIPE + TUBES + WIRE + SPECIAL SECTIONS 


UNITED STATES STEEL 







For Cleanliness... 


Bates Manufacturing Company, 
Lewiston, Maine, is a famous 
name in cotton goods. They used 
to have trouble with dyeing 
equipment; the iron vats held the 
old colors and “killed” new 
colors. With Stainless Steel dye 
kettles, old colors actually rinse 














out, without costly scrubbing. 







For Style... 


G & G Woodcraft, Dinette Divi- 
sion, in Detroit, is selling a hand- 
some new dinette table, designed 
by Gelitis, with a polished Stain- 
less Steel top. The top is backed 
with plywood, and there is no 











metallic sound when it is struck. 






Stainless is a perfect material for 






contemporary design, and it’s so 






practical. 





Complete hydraulic service... 
from one dependable source... 


‘i a 4 ines 


#. 


FREE APPLICATION ENGINEERING by experienced JOB DEMONSTRATIONS to prove how your operations 
hydraulics specialists to improve your circuits. can be made more efficient with the new hydraulic 


developments. 


REGIONAL FACTORY SERVICE includes complete mainte- OVER-THE-COUNTER SALES from local stock to give 
nance facilities for building, testing, repairing equipment. you immediate delivery of hydraulic pumps, motors 


and controls. 


Behind the Mawmt Dewan .-» With its regional 
warehouses and branch offices, Denison’s factory service 
is now as near as your telephone. Specialists in hydraulics 
are immediately available to help you build a better 
product, build it for lower cost. 


Regional Warehouses in Chicago, Houston, Los Angeles, 
Clark, New Jersey. Branches in every principal city. 


DENISON ENGINEERING DIVISION 
: American Brake Shce Co. 
1240 Dublin Road . Columbus 16, Ohio 
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DENISON 


drOll ics 


HYDRAULIC PRESSES e PUMPS 
MOTORS e CONTROLS 


MACHINE DESIGN 





if it can be pushed — — > 
through a pipe... » 


No doubt, in your plant, certain materials are being moved by 
hand expensively that could be pumped economically by a 
Moyno. They pump anything that can be forced through a pipe 
. .. from very thin liquids to heavy, non-pourable abrasive sub- 
stances .. . even materials containing suspended particles! As the 
illustration shows, progressing cavities, formed by the helical 
screw-like rotor turning inside the double-helical stator, move 
smoothly along, carrying the material with them . . . the cavities 
don’t squeeze the substance . . . can’t stick or gum up. Moyno 
pumps will not cause churning, foaming . . . won't aerate or 
vapor-lock! 
Moynos are adaptable for a wide range of substances simply 
you can pump by modifying the materials the pumping elements are made of. 
e ° They are available to pull up to 29” of vacuum while dis- 
ut with a charging under pressure. If you have a pumping problem, chances 
are a Moyno will solve it! 
Write today, for Bulletin 50 MD or look in the yellow pages 
for name of your nearest R & M Moyno pump representative. 


Industrial type Moyno... 
available to 500 gpm, pres- 
sures to 1000 psi. 


ROBBING § MYERS, we. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


@ 9 /F eo & 


* 
ts Moyno Pumps —_Propetiair (Industrial) Fans 
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There’s a Good Reason why 


ZING pie castines 


at David White 


INSTRUMENT COMPANY 
IT’S 


ACCURACY 


You may never need a theodolite, but you will recognize the importance 
of accuracy in this surveying instrument. This is the tool that enables 
engineers to build bridges and tunnels from both ends and make them 
meet exactly in the middle. It also helps surveyors lay out highways and 
property lines. Any instrument demanding such precision must be made 
of very accurate parts. ZINC Die Castings are meeting that need. 


Engineers at David White Instrument Company have a strong prefer- 
ence for ZINC Die Castings because of the consistent accuracy and other 
physical and mechanical properties required in their transits and levels. 
They find that zinc has greater resistance to shock than metals formerly 
used. ZINC Die Castings are also much less expensive for quantity pro- 
duction and greatly reduce the assembly and finishing problems. 


Many manufacturers are recognizing the important quality of ACCU- 
RACY that can be obtained with ZINC Die Castings. Any die caster 
will show you samples of such precision work done for his customers. 
It may be that these examples will suggest improved qualities and cost 
savings for your products. 
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False Modesty Hurts 


VER hear of a carpenter disclaiming any skill in 
kK wielding a hammer or saw? Or a trumpet player 

who bragged about his sour notes? No, where skill is 
the essence of a man’s calling, professional pride is much 
too fierce for such self-depreciation. 

Yet, curiously, there are persons professing to be en- 
gineers who act otherwise. Some not only admit but seem 
to glory in their lack of skill in handling the essential 
tools of their prefession. They even cheerfully confess 
ignorance of basic mathematical techniques. Or they boast 
that published articles and papers are “too highbrow’ for 
them. 

Some engineers disdain other hallmarks of profession- 
alism. For instance, a doctor’s or lawyer’s kit includes 
the assured professional manner—the air of complete com- 
mand of the situation, of knowing his way around. How 
many engineers cultivate this air of competence? And 
how many act like country boys? 

Such false modesty creates a poor impression of a 
man’s professional standing. It also has a subtle retarding 
effect on his own professional development. 

A hick, real or apparent, has no place in engineering. 
He only hurts the standing of the whole profession. 


Wg OR 


EDITOR 





Rotation takes ploce 
through 90 


\ 


185 —200° 


NGINEERS engaged in the design of ma- 
chinery and equipment are becoming in- 
creasingly aware of the impact of human 
engineering on their design problems. 


This is 
even more true of those who design equipment to 
be sold over the counter to a consumer. It is no 
longer enough to have a piece of equipment that 
has sound mechanica! design, utilizes modern ma- 
terials and is smartly styled. To keep abreast of 
competition, the designer must include provision 
for making it easy to use, safe and comfortable. If 
this is not done, he will find that other designs, 
which are not intrinsically better from the engi- 
neering point of view, will achieve greater ac- 
ceptance among purchasers. 

Engineering training directs designers to con- 
sider the operations that a machine is to perform. 
The Jathe must cut so many pieces within specified 
tolerances. The oscilloscope must present certain 
items of information about the machine being test- 
ed. The airplane must be capable of certain char- 
acteristics of climb, turning and sta!l. However, 
each of these pieces of equipment must be oper- 
ated by a human being. If he is considered in 
the designing process, the machine is more likely 
to be able to accomplish what it was intended 
to do. 

During the war, the government developed an 
aid for statisticians called a Matrix Rotator. The 
device automatically plotted graphs and rotated 
the axes in order to aid in some statistical com- 
putations. The data were visible on a cathode-ray 
tube and were adjusted by dials manipulated by 
the statistician. When he had achieved the prop- 
er results, a camera swung down, photographed 
the cathode-ray tube and then swung back out of 
the way. The two essential operations were (1) 
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observing the tube, and (2) manipulating the dials. 
Unaccountably, these were placed about three feet 
away from the tube and positioned so that the 
operator had to twist his neck to see the tube. 

When a statistician inquired why these dials 
were placed in such a position, it was carefully 
and patiently explained to him that they had been 
placed where they were in order to make main- 
tenance easy. Besides, moving the dials would 
mean the addition of a couple more feet of cable. 
If the designer had paid a little bit less attention 
to the cost of several feet of cable or the time con- 
sumed in the very infrequent maintenance pro- 
cedures, he could easily have developed a console 
near the tube which would be much easier to op- 
erate. To add injury to insult, the swinging cam- 
era was a menace which clipped many an operator 
behind the ear. 

Examples of failure to design for the operator 
are legion. For instance, pilots dressed in high 
altitude pressure suits with cumbersome gloves, 
which restrict the motion of the fingers, are re- 
quired to turn around in their seats and flip small 
toggle switches. These switches are easily manipu- 
lated by a person sitting on the ground wearing 
an ordinary uniform, but in high a'titude suits, 
it is almost impossible to hit the right switch with- 
out knocking one or two of its neighbors out of 
line. 

Until recently, the operator of a drag line, cost- 
ing more than a million dollars, sat on the same 
sort of bucket seat and manipulated the same kind 
of controls that were fashionable twenty years ago 
in the cheapest steam shovel. Placing him in an 
air-conditioned cab with a comfortable seat, im- 
proved controls and improved communications in- 
creased his production tremendously. 
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The operator of a currently manufactured steam 
roller has to stand up and swing around on a 
narrow platform to see where he is going when he 
backs up, even though almost half of the opera- 


tions of a steam roller are performed in reverse. 
Finally, there was the piece of equipment designed 
by a left-handed engineer which was comfortably 
operated only by left-handed people. 

How does a designer go about designing for the 
operator? There are many ways and no one of 
them is suitable for all situations. The techniques 
will vary depending on the complexity of the equip- 
ment, the importance of the operator’s function 
and the designer’s knowledge of solutions for sim- 
ilar problems. 

The first and most obvious thing to do is to find 
out what the equipment is to be used for, what 
operations take place, in what sequence and how 
often. The time necessary to collect such infor- 
mation will depend on many things. In some cases 
it may be worthwhile to build a working model, se- 
lect a sample of people, train them in the opera- 
tion and observe what they do. It may be pos- 
sible to observe people working with similar equip- 
ment at least to learn what mistakes shou'd be 
avoided. At the very minimum, the engineer 
should put himself in the operator’s shoes and im- 
agine what happens in a cycle of operation to get 
a feeling for what is being done. 

It is important when designing for the operator 
as well as the operation, to place closely together 
the controls which are related or which the op- 
erator tends to think of as a group. For instance, 
almost every airplane contains a group of basic 
flight instruments. The six instruments—the air 
speed indicator, the compass ,the gyro horizon, the 
altimeter, the turn and bank and the rate of climb 
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indicator—are found on even the simplest cockpit 
panels. They are ordinarily arranged in two rows 
of three each and placed in a central location where 
they are easily seen. Because these instruments 
are related and pilots are used to seeing them in 
this same relationship to each other, it would be 
risky indeed to design an aircraft cockpit with 
these instruments in different positions. 

The more important and more frequently used 
instruments and controls should be placed cen- 
trally. If you place your elbows on the edge of 
the table in front of you and scribe arcs with your 
hands without moving your elbows, you will find 
that there is an overlapping area in the center 
which is easily accessible to both hands and an 
arc to each side which can be controlled by one 
hand. By casual'y reaching from a seated posi- 
tion with the arm straight, the limit of comfort- 
able reach can be estimated. Finally, by leaning 
forward and twisting the trunk, the ultimate limit 
of reach can be established by a person who does 
not get up from the chair. The actual dimensions 
of these arcs for the general population are avail- 
able. 

The implication of these areas of convenient 
and difficult reach should be, but is not always, 
obvious. For instance, in complex contro! panels 
there are frequently knobs which must be turned 
to make a setting, switches turned on and off, dials 
that must be read and indicator lights which tell 
of some condition existing within the equipment. 
If the designer thinks carefully about the func- 
tions of the operators, he will put the knobs and 
switches down low and on a shelf out in front of 
the panel where they can be most easily reached. 
If there is a dial associated with one of the con- 
trols, it should be placed near it so that when the 
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switch is flipped or the knob turned, the effect can 
be readily discerned on the nearby dia'. Out of 
reach but still within easy view should be placed 
the dials which must be read even though they 
are not associated with any controls. Finally, at 
the most distant position, are located indicator 
lights which flash on and off with changing con- 
ditions. 

Some principles which should be checked when 
designing for the operator are: 


Do not overload parts of the body: The familiar 
QWERT YUIOP is a classic example on how not 
to design a typewriter keyboard. The left hand 
and the weaker fingers do most of the work. It 


is said that this awkward design was developed 
because the early typewriters were so mechanically 
poor that a skilled typist could type faster than 
the machine could. The machine was deliberately 
designed to slow down the typist. This is a design 
principle to be avoided. 


Do not present too much information: If a dial 
needs to be read only in integers, there is no point 
in dividing it up into hundreds. These divisions 
only tend to confuse, as ample experimental evi- 
dence indicates. Neater, cleaner, !ess cluttered 
dials are read more accurately than those which 
contain several hands or excessively fine calibra- 
tions, markings or numerals. 








of two considerations. They are: 


tions. 


Physical Configurations 
State of the Art—-Excel:ent 


fit a given proportion of the operators. 





To assist the engineer in recognizing which 
areas he can profit most by applying human 
engineering principles, the following outline 
may be helpful. Each area is rated in terms 


State of the Art: Some areas pertinent to 
human engineering have received a great deal 
of attention from experimental psycho!ogists. 
This has resulted in a large body of data 
and theory which are generally accepted 
among the experts in the field. Other areas, 
because of their complexity or a lack of con- 


Effectors 


Effectors consist of the nerves, muscles, 
limbs, etc., which carry out the orders of 
the brain to do useful work. Under this class 
we have included measurements of operators 
since the physical dimensions influence the 
performance of work more than other func- 


Usefulness to design engineer—Excellent 

A great deal of attention has been paid 
to the relatively simple anthropometric study 
of the size and shape of human beings. Count- 
less measurements have been taken and meas- 
ures of central tendency and variability com- 
puted. It is possible to turn to several sources 
to learn physical dimensions which may be 
pertinent to design. These dimensions give 
figures indicating the average dimensions as 
well as the limits of say, the middle 50 or 90 
per cent of the population. With this informa- 
tion it is possible to incorporate dimensions 
in the design which will make the equipment 


Current Development 


certed effort, have been only partially devel- 
oped. 


Usefulness to Design Engineer: Two con- 
siderations determine whether the available 
knowledge is useful to the design engineer. 
(1) In some cases, the available information 
simply does not pertain to design problems. 
(2) In other cases, the data and theory are 
too specialized to be useful to engineers. Only 
a psychologist familiar with design problems 
can safely apply known principles in these 
areas to problems. 


Space Required for Activity 


State of the Art—Excellent 
Usefulness to design engineer—Excellent 
Closely allied to the direct measurements 
of the body are the measurements of the 
desirable space around a person. Handbooks 
give information concerning the size of chairs, 
amount of knee clearance required under a 
table, dimensions of passageways, etc. 


Strength and Accuracy of Movement 


State of the Art—-Good 
Usefulness to design engineer—Good 
Measurements are also available of the 
strength and accuracy with which a person 
can perform a task. Not only are figures 
given for the most usual or comfortable, but 
also indications of the amount of detriment 
of performance to be expected when a per- 
son must operate in an awkward position, 
as when he turns a knob behind him. Included 
in this area is information concerning mo- 
tion study, most of which is familiar to de- 
signers. 
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Use color codes: If lights are to indicate sev- 
eral kinds of conditions, classify the conditions 
so they are most meaningful to the operator. A 
light that merely indicates a piece of equipment 
is on and operating could be white. An amber 
light could be used to indicate a nonemergency 
situation which should be corrected at the oper- 
ator’s leisure. A red light or one with a flasher can 
be used when immediate action must be taken. An 
example of this is the red line or indicator usually 
found on temperature and pressure gages. 


Take advantage of population stereotypes: We 
read from left to right and from the top of the 
page down, so plan check and control procedures 
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with this sequence in mind. Similarly, pushing a 
switch forward, up, or to the right generally used 
to turn the power on, while putting the switch 
down, back, or to the left is used for turning it off. 


Place labels where they can be read: It is not 
encugh to label a piece of equipment giving all the 
information that was required. The designer must 
also consider the possibility that the labe! will be 
obscured when a switch is on or that it will not 
be visible for lack of proper illumination. If the 


label is important enough to be included on a 


y 





The Senses 


Senses are generally divided into two ma- 
jor classifications, The distance receptors are 
those by which the person learns about the 
outside world and include sight, hearing, taste, 
etc. In addition there is a complex system of 
internal receptors called proprioceptors which 
tells a person such things as the position of 
Vision 
State of the Art—Excellent 
Usefulness to design engineer—Good 

Vision is the means by which most informa- 
tion is gathered from the outside world and 
is naturally the area in which the most work 
has been done. Theoretical treatments of 
depth perception, color-vision, dark adapta- 
tion, etc. are probably of little value to the 
engineer who is designing a piece of equip- 
ment. Of greater interest are studies of vision 
as a source of information. A great deal of 
information is available on dials, indicator 
lights, scales and other symbolic ways of 
presenting information.* 


*W. R. Garner and J. W. Gebhard—‘‘Machine Dials and 
Scales,’’ MACHINE DESIGN, Vol. 21, No. 8, August, 1949, 
Page 98. 


Hearing 


State of the Art—Excellent 
Usefulness to design engineer—Good 

Hearing is the second most useful source 
of outside information. Like vision, the physi- 
ologists are not yet quite sure of the mecha- 
nisms by which people hear, despite a large 
amount of work accomplished to date. How- 
ever, the experimental psychologists have 
studied hearing with special reference to com- 
municating information. They have been par- 
ticularly concerned with the problem of noise 
and the difficulty of reading through noisy 
signals. Much of the work is quite technical 
but some of it is useful to the design engi- 


neer. One important consideration is the grow- 
ing problem of industrial deafness, a problem 
which no designer of noisy equipment can 
overlook. 


Other Receptors 


State of the Art—Good 
Usefulness to design engineer—Limited 

The other distance receptors are of only 
minor interest to the engineers. Smell, taste 
and temperature generally do not need to be 
considered in the design of equipment. 


Proprioception 


State of the Art—Fair 
Usefulness to design engineer—Limited 

The mechanisms which tell us the positions 
of the various parts of our bodies and also 
our position in space are not fully understood 
and are quite difficult to apply to practical 
situations. Research is being conducted 
through the Armed Forces with particular 
emphasis on the problem of orientation in 
space during flight. Interest in interplanetary 
travel has fostered considerable research in 
the problems of living outside the gravita- 
tional fields. By the time the average de- 
sign engineer is concerned with these prob- 
lems, much more will be known than is avail- 
able currently. 


External Environment 


State of the Art—Good 
Usefulness to design engineer—Good 

The influence of external environment, that 
is, what is going on outside the human being, 
has been carefully studied. Heat, humidity, 
vibrations, noise, dust, etc., have been studied 
and can be easily and carefully applied by 
the design engineer. 
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piece of equipment, it should be placed where it 
can be read while the equipment is being used and 
the operator does not have to peer around his 
hand or some other obstruction in order to read it. 


Design for operating flexibility: People vary. Each 
person has his own way of doing things and may 
find that one sequence of operations or location 
of equipment is awkward where another configura- 
tion may be better suited to his own personality. 
Similarly, people get bored or tired and like a 
change of pace. Equipment should be designed so 


that they can sit or stand as they prefer and op- 
erate a pedal with the left foot or right foot if 
there is no real reason for having it operated by 
one foot specifically. 

These are only a few principles which will help 
in designing for the operator. There are many 
other specific principles. The ones given here are 
merely illustrations. There are principles which 
have not yet been worked out but will be an in- 
tegral part of design in the next five or ten years. 
In the meantime, the designer can accomplish a 
great deal simply by using his common sense and 
trying to see the equipment through the operator’s 


eyes. 





Internal Environment 


State of the Art-—Good 
Usefulness to design engineer—Limited 


Of little importance to the designer is in- 
formation about the internal environment, 
such as the effect of loss of sleep, drugs, al- 
cohol, tobacco, etc. Furthermore, the informa- 
tion is rather technical and best interpreted 
by someone trained in physiology. 


Higher Processes 


State of the Art—Fair 
Usefulness to design engineer—Limited 
Higher psychological processes, as con- 
cerned with human engineering, mean such 
things as perception; that is, how the sensa- 
tion received through the eyes and ears is 
organized by the observer, and translated 
into terms which are meaningful to him due 
to his unique make-up and experience. It also 


refers to the problems of motivation; how 
people are urged to work effectively. Learn- 
ing processes, the ability to remember and 
call upon past experience for use in current 
situations, is another area which has been 
studied but for which no accepted theoretical 
framework has been developed. Problems of 
thinking and decision-making are receiving 
increasing amounts of attention, but have not 
yet been developed to a point where it is pos- 
sible to say that firm conclusions have been 
drawn. 

Because of the complexity of these areas 
and the sketchy nature of the information 
available, the principles involved are useful 
only to persons who are professionally trained 
in psychology. It takes considerable time to 
learn what has already been discovered in 
these areas and it takes continual effort to 
keep up with the latest developments. Rapid 
strides in these areas can be expected within 
the next generation; strides which will have 
useful implications for designers. 


Literature of Human Engineering 


One of the best all-around sources on hu- 
man engineering for the design engineer is a 
recent book by Wesley E. Woodson, entitled 
Human Engineering Guide for Equipment De- 
signers. It was published in 1956 by the Uni- 
versity of California Press at Berkeley and is 
$3.50 per copy. The book is an excellent job of 
condensing the tremendous amount of data 
available in the field. Data is presented in- 
terestingly in the book which is filled with 
illustrations, charts and tables which are 
easily interpreted. Some background is given 
in physiology, particularly in vision, but most 
of the material is directly applicable to de- 
sign problems. 

The basic source of information which goes 
deeper into human engineering data is the 
Handbook of Human Engineering Data, avail- 


able through the Tufts College Library at 
$9.00 per copy. It is a compendium of re- 
search results in the field of human engi- 
neering, collected under the auspices of the 
Navy. It gives data on the measurements of 
the body, vision, audition, skin sensitivity, 
proprioception, motor responses, and physio- 
logical conditions and determinants of ef- 
ficiency, intelligence and learning. Some of 
the results are of an immediate and prac- 
tical value while others give the basic under- 
lying physiological or psychological processes. 
To get information from this handbook re- 
quires considerably more digging than from 
Human Engineering Guide for Equipment De- 
signers, but due to its thoroughness, it con- 
tains information which is not available in 
any other source. 
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OIL HT. 130 STRING PERIMETER 381.56 
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OIL RISE 5.83... 

GAS SP. 15.0. 

T/R 16. 

MAIN 

CORNER 
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RADN. COEF. .2149 .1984 TUBES 
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RADN. WATTS 10660.77 98 3.417 
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ON BACK 2 LARGE TOTAL GALS. 1560 
ON EACH END 1 LARGE TRANS. TANK 1215 
ON FRONT EXP, TANK 
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Demanp LUBRICATION of bearings is provided 
by a novel rotating oil-pump design. Built-in as an 
integral part of a drive shaft, a piston pump de- 
veloped by Bijur Lubricating Corp. operates only 
when the drive shaft rotates. Pump output is di- 
rectly proportional to shaft speed. 

The complete pump and flow-control assembly con- 
sists basically of an inlet check valve, a pump with 
stepped-piston, and an outlet check valve. The ends 
of the stepped piston, extending beyond the diameter 
of the cylindrical housing of the pump, ride against 
an eccentric race. The resulting oscillating action 
causes the piston to draw oil into the pump through 
the inlet check valve. This fluid is then forced through 
the outlet check valve into the bore of the drive shaft 
and, in turn, to the bearings. 





Do you have a nove} design idea for our other readers? You 
can receive ten dollars or more for each idea accepted for 
exclusive publication in this department. Send a_ short 
description plus drawings or photos to: ‘‘Scanning the Field 
for Ideas,’’ MACHINE DESIGN, Penton Bidg., Cleveland 13, O. 
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Evaluating the need for... 


Training an engineering 
staff to use... 


Computers as 
Design Tools 


Computers can be very powerful 
tools in engineering design work. A 
vigorous, but cautious, program of 
training and familiarization can be fol- 
lowed which will lead to the intelligent 
application of such machines, even in 
a relatively small engineering organiza- 
tion. 


By J. Coleman White 


Large Motor and Generator Engineering Dept. 
General Electric Co. 
Schenectady, N. Y. 


ing quality without increasing the number of 
engineering personnel involved is a problem 
presently facing many engineering departments. 
One possible method for obtaining the required in- 
creased engineering output and quality is to use 
a computer to perform the bulk of routine engi- 
neering calculation, Engineers are thus freed of 
these tasks and have more time for actual creative 
and productive effort. 
When consideration is given to the possibility 
of using a computer several questions naturally 
arise. These are: 


1 ng eet engineering output and engineer- 


. How can the organization use a computer? 

. Can it be justified economically? 

. What training of personnel will be required? 

. Will additional personnel be required? 

5. What changes will have to be made in current 
engineering procedures? 


Each of these questions gives rise to a host of 
others. These are, however, the major ones, and 
they must be answered before a decision can be 
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made to obtain a computer for engineering use. 
This article outlines a procedure which might be 
followed, particularly by small organizations, to 
arrive at some of the answers to these questions. 
Admittediy, some answers depend almost entirely 
on the characteristics of the engineering organiza- 
tion concerned and the job to be done. Although 
certain parts of the following discussion apply 
specifically to digital computers, the same prin- 
ciples apply equally to those of the analog type. 


How Can a Computer Be Used? 


There may seem to be little point in considering 
how a computer may be used unless its purchase 
can be justified. It is impossible, however, to de- 
termine whether or not purchase can be justified 
without first ‘thoroughly studying possible uses. 
Until the potential use of the computer has been 
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determined, dollar figures are relatively meaning- 
less. 

A computer is not simply an animated slide 
rule. A frue picture of its potential use cannot, 
therefore, be obtained by looking at published 
calculating speeds, costs, and the engineering prob- 
lems now being calculated by hand. Someone in the 
organization must become reasonably familiar with 
the details of programming and computer tech- 
niques. This requires time and effort. For a proper 
job to be done, one or more engineers must be as- 
signed this task of computer familiarization and 
be given sufficient time and facilities to complete 
the self-education required. Experimentation is an 
essential part of this education process, and this 
takes time. 

The person or persons undergoing this initial 
familiarization process should be engineers who are 
thoroughly acquainted with the work of the or- 
ganization. In particular, the use of especially 
hired personnel to tackle this problem, such as 
young engineers without experience or mathematics 
majors without technical background, should be 
discouraged. Engineers selected should not be 
bound by tradition, however, since the application 
of the computer will suggest new and better ways 
of doing the work to be done. 

There is one other absolute requirement. In 
this familiarization program, a computer of some 
sort must be available for use. In a large corpora- 
tion, the solution may be a simple one, in that 
computers may be in use in other engineering de- 
partments. Also, some accounting groups may have 
digital computers in operation with time available 
for engineering operation. If no machine is availab'e 
for training and experimentation, use may be made 
of the familiarization programs offered by most 
computer manufacturers. In addition, some uni- 
versities offer training along this line. 

The process of familiarization should proceed 
logically. Simple, perhaps academic, problems should 
be attempted first. As programming ability im- 
proves, the simpler routine engineering calcula- 
tions familiar to the student can then be pro- 
grammed. Progress from this point is then apparent 
and natural. Ideas in programming and computer 
application begin to be self-generating. A picture 
of the possible application of a machine in the 
organization begins to develop. 

The particular computer used during this famil- 
iarization program is relatively unimportant, as 
long as its size is not appreciably different from 
the one that may be used ultimately. Although 
specific programming details vary from computer 
to computer, the fundamentals are universal. Be- 
cause of their great flexibility in programming and 
application, a stored program computer may be 
‘desirable, although other types also have their 
advantages. 

Once this familiarization program has been com- 
pleted, a decision can be made on whether or not 
to order a computer. This decision should be based 
on reduced time required for routine calculation, 
better engineering methods possible, optimization 
of design, etc. Many of the advantages will be 
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difficult to evaluate in strictly economic terms, 
even though the value may be appreciable. 


Educating Programmers 


When a computer has been ordered, it is neces- 
sary to take steps to prepare for its arrival. This 
involves the development of standard programs 
to handle the routine calculations of the group. 
Caution should be exercised at this stage to pre- 
vent either of two basic errors. These are: (1) 
trying to incorporate so many innovations in the 
programs that they never become completed or 
do not become acceptable to the engineers who 
are to use them, and (2) programming the cal- 
culations as they are done by slide rule and then 
succumbing to the natural human resistance to 
change. Some compromise between these two ex- 
tremes is necessary. Logically, the development 
of programs should preceed through three phases 
in this order: 


1. Programming of current calculations as they 
are now done by slide rule. This should be com- 
pleted before the arrival of the computer if 
possible. 

. Improvement of these programs from the stand- 
point of the most effective use of the machine. 

. Development of new techniques, both from an 
engineering and a mathematical standpoint, to 
further improve the effective use of the machine 
and the quantity and quality of engineering 
output. 


The second and third phases can occur in sequence 
after the computer has been received and put to 
work on the programs of the first phase. Time 
must be spent to gain future time. The programs 
of the first phase will help to release engineering 
time for the later phases. 

At least one capable programmer must be de- 
veloped in each identifiable subdivision of the 
organization. He would then, logically, handle the 
programming for his particular group. Training 
of these programmers presents a major problem. 
How this problem is solved will depend, to a con- 
siderable extent, on the methods used in the famil- 
iarization program. Those who took part in this 
program may be sufficiently adept at program- 
ming and the elements of numerical analysis to 
conduct internal courses. This is the most satis- 
factory method if practicable. If not, use may 
again be made of standard programming courses 
offered by the computer manufacturers. 

Study of numerical analysis techniques is an 
essential part of a digital computer training pro- 
gram. Much of this will consist of information 
studied in college but long since forgotten through 
lack of use. Since a digital computer is operated 
numerically, rather than algebraically, education 
in the more sophisticated methods of numerical 
analysis will pay dividends. The particular curricu- 
lum used will vary with the nature of the engi- 
neering organization. A curriculum which worked 
well with an organization devoted to the design 
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This outline represents one curriculum used 
to train the engineers of a moderate-sized or- 
ganization in numerical analysis and the use 
of a digital computer. It certainly does not 
represent the only curriculum available, nor 
the best for any specific case. Items in the 
curriculum might receive different emphasis, 
depending on the nature of the work of the 
group, and the type of computer. 


A Suggested Computer Training Curriculum 


The curriculum is laid out to cover seven 
weeks. A total of five hours each week were 
devoted to the program: two hours of lecture 
on numerical analysis, two hours of lecture 
on computer techniques and one hour of com- 
puter laboratory. The numerical analysis and 
computer sections may be handled separately, 
although they should be co-ordinated for great- 
est effectiveness. 





Numerical Analysis 


Computer Techniques 


Problems 





First Week: Solution of simul- 
taneous linear algebraic equa- 
tions by substitution methods 
(Gauss, Cholesky, etc.) and 
by iterative methods (Gauss, 
Seidel, etc.). 


First Week: Basic idea of com- 
puter operation. Major com- 
ponents of a general com- 
puter. Specific components of 
this computer. Stored pro- 
gram concepts. Description of 
information flow in machine. 
Number form and instruction 
form. 


First Week: No Problem. 





Second Week: Curve Fitting. 
Fitting of exact data by se- 
lected points and/or slopes. 
Fitting of approximate data 
by method of least squares. 
Taylor series expansion. 


Second Week: Basic arithmetic 
operation codes. Handling of 
decimal point (scaling). Sam- 
ple problem involving basic 
arithmetic operations, such as 
evaluation of ratio of two 
polynomials. 


Second Week: Problem involv- 
ing only basic arithmetic op- 
erations. Could be derived 


from the actual engineering 
work of the organization. 





Third Week: Matrix manipula- 
tion. Multiplication and addi- 
tion of matrices. Inversion of 
matrices. Characteristic roots 
and vectors. 


Third Week: Further explana- 
tion of operation codes. 
Branching and loop opera- 
tion. Sample problem, such as 
evaluation of e* by infinite 
series to assumed level of ac- 
curacy. 


Third Week: Problem illustrat- 
ing loop operation. A simple 
mathematical problem is best, 
such as evaluation of sin 2 
by infinite series. 





Fourth Week: Nonlinear equa- 
tions. Roots of a polynomial 
by Friedman’s method. New- 
ton’s method, applied to a 
single equation and to sys- 
tems of equations. 


Fourth Week: Principles of pro- 
gram modification. Explana- 
tion of appropriate operation 
codes. Sample problem, such 
as evaluation of a general 
mth order polynomial with 
coefficients in sequence in 
storage. 


Fourth Week: Problem illustrat- 
ing address modification. De- 
velopment of a table of a 
function of two variables and 
subsequent interpolation to 
obtain an intermediate value. 





Fifth Week: Finite differences. 
Determinations of derivatives 
in terms of finite differences. 
Interpolation and extrapola- 
tion. Numerical integration 
(quadrature). 


Fifth Week: Available sub- 
routines. Entry to and exit 
from a subroutine. Detailed 
discussion of operator’s con- 
sole. 


Fifth Week: Use of standard 
subroutines in a _ problem. 
Again, the work of the organ- 
ization can be called upon 
for problem material. 





Sixth Week: Ordinary differ- 
ential equations. Taylor series 
starting of integration. 
Runge-Kutta method. Adams’ 
method. 


Sixth Week: Floating point sub- 
routines. Detailed explanation 
of operation codes (sym- 
bolic) and use of floating 
point arithmetic in a prob- 
lem. 


Sixth Week: Problem involving 
floating point arithmetic. For 
example, solution of simul- 
taneous linear equations. 





Seventh Week: Partial differ- 
ential equations. Methods of 
solution of Laplace’s equation, 
Poisson’s equation, the dif- 
fusion equation and the wave 
equation. 





Seventh Week: Conclusion of 
discussion of floating point. 
General discussion of materi- 
al covered and review. 


Seventh Week: Second problem 
in floating point, drawn from 
the work of the organization. 
Integration of an ordinary dif- 
ferential equation would be 
a good illustration of the 
numerical analysis material. 
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of large rotating electrical equipment accompa- 
nies this article. 

One important aspect of training is the area 
of communication. This involves an understanding 
on the part of the engineer of what is going on 
inside the machine and the ability to interpret 
results quickly and practically. This concept de- 
velops more or less gradually with experience. 
It depends, to a considerable extent, on the confi- 
dence which the man places in the calculations 
produced by the machine, and this is acquired 
only through practice. 


Group Training 


With the core of programmers hard at work 
developing working programs, attention can now 
be directed to the rest of the engineering staff. 
However, the emphasis should be on operation of 
the machine and interpretation of results, rather 
than on actual programming. A detailed study of 
the techniques of numerical analysis should not 
be required, even for digital machines, but the 
elements of programming should be taught. Any- 
one using the machine should be familiar with 
the rudiments of programming in order to recog- 
nize machine malfunctions, program limitations, 
invalid results, etc. In addition, the individuai en- 
gineer will be more capable of visualizing new 
fields of computer application in his work. 

The concept of communication is important here, 
too. Engineers must work with the machine enough 
—both programming and running problems—so 
that they develop confidence in the calculating 
ability of the machine and learn to interpret its 
operation readily and with ease. One valuable 
by-product of this group training program is the 
detection of engineers who might become profi- 
cient programmers, and thereby increase their en- 
gineering contributions, with more training and 
experience. 


Further Development 


With the initial design problems programmed 
and running, and with routine calculation now 
being performed by computer, the experienced 
programmers are now free to strike out in several 
directions. As before, some control must be exer- 
cised to keep progress within the bounds of rea- 
sonable assimilation. There is always something 
that can be done to improve a program, but sooner 
or later the programmer must settle on a final 
or temporarily final program and release it for 
routine use. 

Improvements of standard routine calculation 
programs can take two forms. The use of more 
powerful methods of numerical analysis can lead 
to speedier programs and greater accuracy in 
the use of digital computers, Improvement will 
also come about partly through additional educa- 
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tion of the programmers, experimentation with 
methods, and the use of the computer itself as a 
mathematical development tool. An example of this 
last approach is the use of the computer to de- 
termine more accurate expressions to fit empirical 
data. 

The second method of improvement is more am- 
bitious. It involves the improvement of the cal- 
culation methods themselves. This in turn involves 
engineering development. With a computer avail- 
able to handle the more laborious arithmetic re- 
quired, more exact analytical methods can be em- 
ployed. Fewer assumptions need to be made to 
render an analysis practical. Design methods should 
then improve steadily. 

As the routine programs begin to become sta- 
bilized, the natural tendency is to use the com- 
puter more and more as a developmental tool. 
Ability of a digital machine to perform quickly 
huge quantities of otherwise tedious calculation 
makes its application to data processing an obvious 
step. With a digital computer, more reliable de- 
sign information can be gleaned from test data 
by the application of statistical methods that were 
formerly too time consuming. More difficult ana- 
lytical problems such as the solution of systems 
of nonlinear differential equations can be attacked 
with real hope of solution. 

Another very real improvement that can be real- 
ized is the automatic optimization of designs. 
Rather than the cut-and-try method of hand cal- 
culation, the computer can be made to converge 
on an optimum design in terms of cost, weight, 
performance specifications, etc. This is a relatively 
simple step beyond the earlier routine calculation 
program. 


Blocks To Progress 


At several stages in the familiarization phase 
and during the early period of computer usage, 
some inore or less natural blocks to progress can 
occur. These result, primarily, from lack of ex- 
perience in the application of calculating equip- 
ment. One or more of these blocks may have been 
touched upon in earlier discussion, but additional 
emphasis is in order. 

Use of the machine as an animated slide rule 
is only natural, However, the more powerful meth- 
ods available with automatic computation should 
be used. These methods are, of course, assimilated 
only gradually. Rate of assimilation depends upon 
ability to put tradition behind and look to the 
future. 

Accusations that the machine might make lazy 
engineers and that pride in design might suffer 
as a consequence may be made. All that can be 
said here is that experience has indicated that 
the reverse is true. With more time available for 
creative effort, and with a machine to do the un- 
interesting calculating, design efficiency goes up, 
rather than down. 
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There may be resistance to using the computer 
because it might make an undetected error. This 
cannot be denied. However, so might a human 
being. In fact, it is estimated that the best slide 
rule operators will make 1000 times as many errors 
as the least accurate commercialiy available digital 
computer. With comprehensive internal checking 
being built into many medium-size digital ma- 
chines today, errors become rare indeed. 

Needed computer capacity is often underestimat- 
ed. The experience of several engineering organi- 
zations indicated this to be true. In fact, the avail- 
able capacity seldom equals the need. New methods 
of ca!culation, new problems which can be handled, 
new applications, and improvements to existing 
methods generate themselves automatically at a 
greater rate than planning for computer capacity 
usually anticipates. 


Tips and 
Techniques 
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Fear of being unable to properly train young 
engineers in design philosophy and methods if 
the design procedure is hidden within a computer 
program may be expressed. The answer to this 
is a function of proper communication. If the train- 
ing programs outlined above are effective, there 
will be no lack of such communication between 
man and machine. In fact, the ability to vary 
parameters easily and quickly will tend to im- 
prove the engineer’s understanding of the details 
of the design procedure, 
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Skidproofing Triangles and Templates 


All instruments such as triangles and templates 
may be easily skidproofed using sections of rub- 
ber from ordinary pencil erasers. First drill holes 


Drill hole 


slightly smaller in diameter than the erasers in the 
instrument. Then force segments of eraser into 
these holes. A sharp knife is then used to trim 
the segments nearly flush with the surface of 
the instrument.—CHARLES H. WILLEY, Penacook, 
N. H. 


Keeping Drawings Flat 


Drafting paper or tracing cloth may be kept 
flat on the table despite variations in humidity 
by fastening it securely on one side only and ap- 
plying slight tension to the other three sides. 
Tension may be applied by stapling heavy paper 
tabs or loops to the drawing paper and slipping 
rubber bands through these loops. Ends of the 
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Heavy paper tab, tracing 
sandwiched between 








, and stapled 


rubber bands are then fastened to the edges of the 
board with thumb tacks.—CarL E. SPAEDER, DC 
Motor & Generator Dept., General Electric Co., 
Erie, Pa. 


Dust Cover 


An economical and efficient dust cover for a 
drawing board can be made from an ordinary 
spring-roller window shade. Attach a shade of the 





proper size with the regular brackets to small 
blocks screwed to the underside of the board.— 
W. E. Epcer, draftsman, Outboard Marine Corp. 
of Canada Ltd., Peterborough, Can. 
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ATIGUE-STRESS conditions frequently result 

from the superposition of completely reversed 

stresses and steady-state or static stresses. 
It follows that strength relationships that are valid 
for fluctuating stresses in general should be ap- 
plicab'e to the two extremes—static stresses on 
the one hand, and completely reversed fatigue 
stresses on the other. 

Development of strength relations for combined 
static stresses, which is the subject of this article, 
is introduced by a consideration of the properties 
of materials under simple tension and compression 
stresses. 


Simple Static Stresses 


For the case of simple tension, conventional 
procedure is to define material mechanical proper- 
ties on the basis of a nominal stress-strain dia- 
gram, Fig. la. A more accurate measure of these 
properties is based on the true stress-strain rela- 
tion, Fig. 1b. In this case, true stress o and true 
strain § are based on the actual area A of the 
specimen and the actual gage length LZ rather than 
on the original values of A, and L,. Familiar re- 
lationships between these true parameters are! 


(1.1) 


ql _ ip 
a Of. Lo (1.2) 
oO 

Use of True Properties: Recommendations for 
the use of true properties rather than nominal 
values are: 

1. True ultimate stress o,, be used as a measure 
of ultimate strength in place of the nominal ul- 
timate stress o’, or nominal fracture stress o’;. 

2. True strain §, (true strain corresponding to 


*References are tabulated at end of article. 
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o’,) be used as a measure of ductility in place of 
the usual nominal fracture strain ¢;. 

3. True toughness T (as measured by the area 
under the true stress-strain diagram to a,,) be used 
in place of the conventional modulus of toughness 
T’ (as measured by the area under the nominal 
stress-strain diagram). 

Use of the true values g,, 5, and 7’, Fig. 1b, in 





Nominal Stress, a’ 
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Strain, d ore 
(6) 


Fig. 1—Nominal and true 
stress-strain curves. 














place of o’,, «, and T’, Fig. la, is recommended not 
only because the true values are an accurate meas- 
ure of the stress and strain, but also because for 
design purposes the part of the stress-strain curves 
between B, and C, or B and C, Fig. 1b, represents 
a failure condition for the material. 

True stress-strain relations have been obtained 
in many investigations. These results? show that 
when the true stress and true strain are plotted 
on a log-log basis the data may be approximated 
by a straight line, Fig. 2. That is, 


logo =nlog + logk (2) 


or 
o = ké" (3) 


where k is referred to as the strength coefficient 
and n as the strain hardening exponent. 

Strain § in Equation 3 is usually taken as plas- 
tic strain only. It has been found* that the com- 
plete true stress-strain diagram may be represent- 
ed by considering the elastic strain component in 


writing Equation 3. Total strain is then 
87 = $8 + Sz (4.1) 


where § o/E, the elastic strain. 


Then by Equation 3, 


o )’ 
E 


0 k (o, 


or 


8 o 
y* E qo 
where q = 1/kandm = 1/n. 

Many attempts have been made during the past 
hundred years to analytically express the stress- 
strain relation for simple tension.* Most of these, 
however, have been based on the nominal stress 
and strain. For many materials it appears that 
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Equation 5 is a good approximation for the true 
stress-strain relation and may be used as a basis 
for stress analysis and design in the plastic range. 

Future fatigue investigations may define failure 
on the basis of a specified limit of deformation 
or size of crack rather than on complete fracture 
of the specimen, It will then become necessary 
to define static stress failure on the basis of a 
corresponding true plastic limiting strain. This 
limiting strain could then be expressed in terms 
of Equation 5. The formulation of combined stress- 
strain relations in the plastic range may also be 
logically based on this equation. 


Finding Ultimate Stress: Determination of the 
ultimate stress point B in Fig. 1a, is difficult for 
many materials because the stress-strain curve 
is flat in the region of B. For this reason it is 
difficult to obtain an accurate value of §,. A meth- 
od of more accurately determining $, consists in 
defining the maximum load point B theoretically. 
In this method, load P is represented by the con- 
dition that the slope of the P — ¢ or o’ — ¢ curve, 
Fig. 1b is zero at the point B. That is, point B 
is defined by dP = 0. The value of the load P in 
terms of the true stress is 


Ay A 
= oA, ( —- ) (6) 
A, A, 


In the plastic range it can be assumed that the 
volume remains constant. Then A,L, = AL or 
A/A, = L,/L and Equation 6 becomes 


P PU 7 
a Rha (7) 


P=ocA= (oa ) 


Placing the value of L/L, from Equation 1.2 into 
Equation 7, 


P= cAce (8) 
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Fig. 2 — Logarithmic 
stress-strain curves for 
a number of different 
sheet materials. 
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Applying the “instability” or maximum load con- 
dition dP = 0 to Equation 8, it can be shown that 


<— - 
If the stress as given by Equation 3 is placed 
in Equation 9, then 


é&, =n (10) 


That is, the true strain §, at the maximum load 
is equal to the strain hardening exponent. In other 
words, the strain hardening exponent can be used 
as a measure of true ductility. A survey of five 
investigations of 31 materials for which 180 true 
stress-strain relations were obtained shows that 
Equation 10 is a good approximation.’ The aver- 
age deviation between actual values §, and theo- 
retical values n was found to be only two per vent. 


True Toughness: An expression for the true 
toughness T, as measured by the shaded area in 
Fig. 1b, can be obtained if the true stress-strain 
relation of Equation 3 is used. That is, the area 
under the true stress-strain diagram to point B, 
in Fig. 1b is 

8u 


T= ff as (11) 
0 


Placing o = ké" in Equation 11, integrating, and 
noting that §, = n, Equation 11 becomes 


o,1*(1/n) knn*l 


n+1 


kl/n(m + 1) 


= (12) 
A more accurate value of T could be obtained if 
Equation 5 were used for g in place of Equation 11. 
However, the value of T given by Equation 12 is 
considered sufficiently accurate. 

In the foregoing analysis it is shown that the 
plastic mechanical properties of materials in simple 
tension can be expressed in terms of the true ul- 
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Fig. 3—Comparison of stress-strain curves 
for high-strength steel alloy A and low- 
strength structural steel B. 
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timate stress o,, the true strain at the maximum 
load §, = n, and the true toughness T = k n"* */ 
(n + 1). That is, three material constants o,, k 
and n are necessary to define the true plastic me- 
chanical properties. 

True stress-strain plastic properties can also be 
obtained for simple compression. Few relations 
have been reported, however, so that the validity 
of Equations 3 or 5 for simple compression has 
not been established. 

In accepting true stress-strain measures of the 
plastic properties, it may be argued that these 
properties are only to be used in a qualitative way 
for selecting materials, and that for this purpose 
the usual nominal properties are adequate. This 
argument is, of course, incorrect since it is quite 
possib!e that a material selected on a basis of 
nominal properties will have a different rating 
than when selection is based on true properties. 

Equations 3 or 5 can be used to obtain stress 
and deformation relations for members subjected 
to simple stresses, such as bending and torsion. 
These relations can then be used as a basis for 
the design of such members. 


Design Stresses: Selection of a design or allow- 
able stress is usually determined by dividing the 
yield stress o,, or the nominal ultimate stress o’, 
by an appropriate factor of safety. That is, 


(13.1) 


(13.2) 


It is realized that these equations do not take 
into account the relative values of ductility. For 
example, consider two materials as shown in Fig. 3 
—one a high-strength steel alloy, A, and the other 
a low-strength structural steel, B. Then, accord- 
ing to Equation 13.2, if the same value of N,, is 
used, the working stresses for materials A and B 
are 


4 te (14.1) 
N 


and 


o'uB 

CwR = Y. (14 2) 

In evaluating the working stresses, no provision 
is made for the fact that material B has a larger 
strain at fracture or at the ultimate load than ma- 
terial A. This larger plastic deformation gives ma- 
terial B an advantage over material A which is not 
reflected in Equations 14.1 and 14.2. To provide 
for this oversight and to give a more accurate 
quantitative measure of the working stress, a new 
method selecting this stress is suggested. 

Referring to the true stress-strain diagram of a 
material, Fig. 4, four working stresses will be 
defined—two based on the yield stress and true 
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Fig. 4 — Selection of working 
stress for simple tension. 
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ultimate stress, and two based on the strain at 
the yield stress and the strain at the true ultimate 
stress. That is, referring to Fig. 4 and assuming 
the stress-strain relation defined by Equation 3, 


(15.1) 
(15.2) 
(15.3) 


ows = =. (8,)” (15.4) 


4 

Equations 15.1 through 15.4 define the four 
working stress values indicated by points A, B, C 
and D, Fig. 4. The governing working stress would 
then be the smallest of these stresses. In the case 
of Fig. 4, the stress selected would be ga,,, as de- 
fined by point C. 

Selection of the factors of safety N in Equations 
15.1 to 15.4 is based on many considerations. Vari- 
ous attempts have been made to provide a rational 
determination of the factor of safety.® 


Combined Static Stresses 


Many machine and structural elements are sub- 
jected to combined stresses rather than simple 
uniaxial stresses, That is, the state of stress for 
combined stresses may be expressed in terms of 
three principal stresses, Fig. 5b, in place of the 
uniaxial stress, Fig. 5a. The principal stresses act 
on three mutually perpendicular planes on an ele- 
ment. One of these stresses o,; is the maximum 
possible value of the normal stress, the other o; 
is the minimum possible normal stress value for 
the point considered, and the third g» is inter- 
mediate in value between g; and gz. 


92 


Theoretical Plastic Stress-Strain Relations: If 
the principal strains in the direction of the princi- 
pal stresses oj, o2 and oz are §;, 82 and $3, then 
the mechanical properties for combined stresses 
can be obtained when the stress-strain relations to 
failure are known for each principal stress. It is 
apparent that there are many of these principal 
stress-strain relations since the relations depend 
upon the values of principal stress ratios g2/o1, 
and o:/o;. Some of these possible relations are 
indicated in Fig. 6. Owing to the difficulty of ob- 
taining these relations experimentally, many at- 
tempts have been made to predict theoretically the 
principal stress-strain relations from the stress- 
strain relation in simple tension. 71° 

For conditions in which the principal stress ra- 
tios remain constant during loading, the simple 
deformation theory has been found to provide a 
good approximation for defining the plastic stress- 
strain relations under combined stresses.’ If the 
plastic stress-strain relation is defined by Equation 
3 then the plastic principal stress-strain relations 
by the deformation theory! become 


(16.1) 
(16.2) 
(16.3) 


81 = (1/k) Vn G(im)-1 (oy —_ 2/2 sand 03/2) 
82 = (1/k) 1" gl/m-l (a9 — 93/2 — 03/2) 
83 = (1/k)¥" ol/m-1 (a3 — 91/2 — 02/2) 


where 





o = V3i[(o; — o2)* + (a2 — 03)2 + (03 — 03) *] (17) 
By the first of Equations 16, the biaxial o,; — 8, 


LA LE REET TT Ne ESET RE 
: 


% 





























4 (a) (b) 


Fig. 5—Uniaxial and triaxial stresses. 
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Fig. 6—Biaxial true stress- 
strain relationship. 
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relations shown in Fig. 6 can be determined from 
the simple tension relation. It should be noted 
that experimental verification of the theoretical 
stress-strain relations given in Equations 16 has 
been obtained for only a few materials and pri- 
marily for the biaxial states of stress shown in 
Fig. 6. This lack of experimental verification is 
understandable when it is realized that combined 
stress experiments are difficult to perform. In 
fact, for some stress combinations, suitable experi- 
ments have not been devised, 


Mechanical Properties: A principal true stress- 
strain diagram for any stress combination as ob- 
tained by experiment is plotted in Fig. 7. Elastic 
strains §,; have been added to the plastic strains 
8, to give the total strains §7,. That is, 


o1 
871 = 8g1 + 84 = 
Tl El 1 BE 


— —— (2 + 03) + 8, (18) 
Points A, B and C correspond to the yield stress, 
true ultimate stress (or stress at the maximum 
load or instability), and true fracture stress. These 
stresses are represented by the symbols oj,, a1, and 
oi, respectively. The yield stress o,, can be deter- 
mined by using an offset strain $,, equivalent to 
the offset strain used in simple tension.14 The 
true ultimate stress o,,, corresponds to the max- 
imum load as indicated by point B, where the 
slope of the o’; — er, diagram is zero. The true 
fracture stress «,, is not of practical significance 
since the parts BC or B,C, of the stress-strain dia- 
grams represent a region of changing state of 
stress produced by significant changes in dimen- 
sions. 

ULTIMATE STRESS: True value of ultimate stress 
(at maximum load or instability) can be found 
for specific members and types of loading based 
on the deformation theory as defined by Equations 
16. That is, the value of ultimate strength as 
measured by o}, can be obtained from Equations 
16.1 provided that the value of »;, corresponding 
to §,, is known. That is, from Equation 16.1 the 
ultimate strength is defined as 
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Fig. 7 — Comparison of biaxial true and 
nominal stress-strain relationships. 
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(o4,)1/" [1 + a2 + Bo -e- B _ aB](-n)/2n [ 1-— 


8iu , 
= ( . ) (oy) (19.1) 


u 


The value of §,, depends upon the type of load- 
ing and member.!?13 For example, in a thin- 
walled spherical shell subjected to internal pres- 
sure, using Equation 16.1, the theoretical value 
of 5,,, = 55, can be shown to be 4,, = n/3. Placing 
values of 8; = 3% = 1/3, og = Ow 91 = Ow 
o3; = 0 in Equation 16.1, it can be shown that 


(19.2) 


Oi, — (4)"* oy 
where og, = true ultimate stress (at maximum 
load) in simple tension. 

Most values of n lie approximately between 4 
and 14. For these values the strength g;, is 0.95 o,, 
and 0.91 g,, respectively. This corresponds approxi- 
mately to the value of o;, = o, Which is obtained 
using most of the various strength theories. 

YIELD Stress: The values of yield stress ob- 
tained by determining the stress o, from Equation 
16.1 for a selected value of the offset plastic strain 
é,. That is, the strain 6, will be replaced by 4;,, 
where $,, is the equivalent offset strain corre- 
sponding to the offset strain 5, used for determining 
the yield stress in simple tension. Then by Equa- 
tion 16.1, the yield strength for combined stresses 
is defined by 


(4) 1+ er+p2—a-p—ap)” (1- 


B 
-—) = 8ip (20) 


The value of §,, selected will be based on the 
ratio of the strains §,, to 8, for the particular 
principal stress ratio. 

That is, 


Sip = 9 8p (21) 


where §, = the offset strain for simple tension, 
and Q = 84,/8,- 

For the case of the thin-walled spherical shell 
subjected to internal pressure, Q = 3,,/8, = 1/3, 
a = 1, B = 1 and, by Equations 20 and 21, 


~ n 
oy, =k (2Q8,)"=k [ 2 ( ‘i ) a, | 


28, \" 
=k ( ~y (22) 
3 


For a particular material, o,, can be determined 
from Equantion 22 since k, n and §, are known. 
TRUE DUCTILITY: Measure of true ductility is the 
maximum normal strain corresponding to the max- 
imum load or point of instability. Since o,, is 
the maximum stress, the maximum normal strain 
at instability or true ductility will be designated 
by $8, Fig. 7. It is apparent that the value of 
8;, Will depend upon the principal stress ratios 
a = o2/o, and B = as3/o; and that these stress 
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ratios should be specified when values of §,, are 
given. Theoretical values of §,, can be found from 
Equation 16.1 for particular states of stress and 
members.'!2135 For example, for a_ thin-walled 
spherical shell under internal pressure, the strains 
at the maximum pressure are $,, = 8, = n/3. 

TRUE TOUGHNESS: Measure of true toughness is 
obtained by evaluating the work done in a unit 
volume in stressing to the maximum load or point 
of instability as represented by the areas under 
the oj, of and o; true stress-strain diagrams to 
the stress corresponding to the maximum load. A 
theoretical value of the true toughness can be 
obtained from Equation 16. Since the strain energy 
for the elastic range is usually small compared 
to that in the plastic range, it can be neglected. 
True toughness then becomes 


Sim S2m 83m 
7 = 0,458; + 3 a2 d 85 + e o3d 83 (23) 
o o 


o 


where 4,,,, 
imum load. 
For loadings in which the stress ratios g and B 
remain constant, as indicated in Fig. 7, an approx- 
imate value of the true toughness can be deter- 
mined by substituting values of 5,, 5, and 5, from 
Equations 16.1 to 16.3 into Equation 23. Making 
these substitutions, it can be shown that 


r=! — 


L (nm +1) kim 


é,,, and 6.,, are the strains at the max- 


014) in+1 7 


| A +a? + p?- B — af) i+n/2n 
(24) 


Equation 24 gives a theoretical measure of true 
toughness for the case of triaxial stresses in which 
principal stress ratios « and 8 remain constant. 


Tips and 
Techniques 


Discussion of simple and combined static stresses 
presented here has led to a new method for 
evaluating yield and ultimate strengths for com- 
bined states of stress. Basic to the method is the 
assumption that the true stress-strain relation for 
simple tension is expressed by Equation 3. 


In the next article of this series, a number of 
conventional strength theories that are not based 
on the plastic stress-strain relation are reviewed, 
and a generalized theory of strength is proposed. 
These theories are used to develop working stress 
relations that can be used in design for combined 
static stresses and design for static-stress con- 
centrations. 
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Modified Erasing Shield 


Fairly often when drafting it becomes necessary 
to change a solid line to a dotted line. By placing 
a series of holes in an erasing shield as shown, 
it is possible to make the conversion simply by 
erasing through the holes.—REGINALD R. GALLANT, 
Underwood Corp., Bridgeport, Conn. 
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Pencil Point Cleaner 


A ball of kneaded rubber eraser or plastic cleaner 
is very efficient for removing powdered graphite 
from just-sharpened pencils. The cleaner may be 
mounted on top of the locknut of a mechancal 


Kneaded - rubber eraser or 
ee. plastic type cleaner 


i | 


pencil pointer or any other convenient place.— 
IRVING L. GREENSPAN, Lockheed Aircraft Corp., 
Missiles Systems Div., Van Nuys, Calif. 
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INDING an exact analytical relationship for 
experimental or laboratory data in tabular or 
curve form can be a demanding and time- 
consuming task. In most cases, particularly when 
the equation for a given set of data takes the 
form of a “power” expression, rapidity and ac- 
curacy of solution may depend on the experience, 
knowledge and mental processes of the analyst. 
For such analyses, a powerful research tool is 
provided by a not very widely known branch of 
mathematics called the calculus of finite differ- 
ences. Based on simple numerical principles, this 
graphical-mathematical process offers a rapid and 
accurate method of “equation-fitting.” Basic tech- 
niques of the method and their application are 
outlined in this article. 


Basic Principles: By methods of conventional 
calculus, successive differentiation of the general 
expression, 
y= A+ Ba + Cx? + Dz (1) 
gives: 

dy 
—=—B+2Ca2 + 3 Da? 

dz 

d2y 
—  —2C+6Dz 

dx? 
d’y 
dx 


This operation is actually a “stripping” procedure. 


= 6D (4) 
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First, the A term is stripped off and then the B 
term. Finally, when the C term is stripped off, all 
that remains is the constant, 6D. 

From the practical standpoint of technical data 
analysis, this “stripping off” of successive terms 
is more conveniently done by the calculus of finite 
differences. This method of analysis is peculiarly 
well adapted for finding the exact form of the 
relation of y to x when a definite, simple relation 
is inherent in the x and y data. 

For example, consider an expression of the form 
given in Equation 1 in which A = —10,B = —4, 
C = 0 and D = 1. By substitution in Equation 1, 
then, this expression becomes 


y= 2? — 4z—- 10 (5) 


Corresponding values of x and y for Equation 5 
can be readily determined by calculation. Several 
representative values are given in the two left- 
hand columns of Table 1; a plot of these values 
is shown in Fig. 1. 

Assume now, for this example, that the fore- 
going conditions are reversed as they would be in 
an actual research situation. That is, the only data 
available on the relationship between x and y are 
those given by Table 1 and the curve plot in Fig. 
1. Values of the constants A, B, C and D (Equation 
1), which were assigned previously to establish the 
exact relationship given in Equation 5, are not 
known. These constants will now be determined 
using the calculus of finite differences. 

It will be noted that the differences between 


95 








consecutive values of x in Table 1 are equal. This 
Table 1—Data for Curve Plot Analysis is essential. But surprisingly, the size of these in- 
crements (Aa) need not be small, In fact, in the 
anaysis of laboratory data, the increment should 
not be so small that the numerical values of small 
errors unavoidable in all laboratory measurements 
are a large percentage of the increment value. 
—13.000 However, in this particular “made-up” problem, 
there are no errors. The increment of x can be 
—12.625 taken small cr large, as suits the convenience of 
the analyzer. 
—10.000 First step ia the analysis of the x and y data 
of Table 1 is to find the differences, Ay, between 
eer consecutive vaiues of y. These Ay values are listed 
in the third column of Table 1, opposite the cor- 





y Ay A2y 
—10.000 





—11.875 


+ 5.000 





Fig. 1 — Basic curve 
cots ror analysis of 

quation 5 by calculus 
of finite differences. 
Data for equation and 
“difference” curve 
plots are given in 
Table 1. 
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First Difference, 4 =~ X 10> 
e 


responding intermediate spaces between the hori- 
zontal lines on which the values of x and y appear. 

Second, the differences, A*y, between consecutive 
values of 4y are tabulated. These A*y values, which 
appear in the fourth column of Table 1 are lo- 
cated on the same horizontal lines as the x and y 
values. 

Third, the differences, A*y, between consecutive 
values of A*y are tabulated. These values are listed 
in the right hand column of Table 1 on the same 
lines with the Ay vaiues. 

For convenience, in Table 1 only the values of Ay, 
A*y and A*y have been used. In the calculus 
of finite differences, however, the expressions cor- 
responding to those of Equations 2, 3 and 4 ac- 
tually take the form: 


ay 
= B+ 2Cz + 3Dx?2 


Ay 
— = 20 + 6Dz 
Ax? 


(7) 


AS’y 
Axs 


= 6D (8) 


The value of constant D can be determined from 
the data in Table 1, using Equation 8. Substituting 
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the values of A*y = 0.75 and of the increment of 
x, Ax 0.5, into this equation gives the exact 
solution: 


A similar approach can be used to determine 
constant C from Equation 7. In this case, it will 
be noted that the relationship between correspond- 
ing values of A*y and x, Table 1, takes the form of 
a straight line curve when plotted, Fig. 1. Since 
this is a linear relationship, any pair of 4*y and x 
values may be chosen from Table 1 to calculate 
constant C from Equation 7. The following values 
will be used here: x = 2.0, A*?y = 3.0. From Equa- 
tion 7 then, using the value of D just calculated, 
the exact solution is: 


3.0 
— 6(1.0) (2.0) 
(0.5)? 


=0 





2 


For calculation of constants A and B, however, 
a modified approach will have to be employed. By 
plotting values of Ay and 2, Fig. 1, it will be seen 


Fig. 2—“Difference” curves for analysis of relationship between absolute tempera- 
ture and reciprocal value of tensile strength for ingot iron. First-difference curve at 


a shows relationshi 


between 70 and 470 F (530 and 930 R) to be of second- 


power polynomial form. Second-difference curve at 6 shows relationship to be of 
third-power polynomial form from 470 F to melting point. 
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that a linear relationship does not exist, The ap- 
propriate values of x for this comparison are the 
intermediate values, half-way between those given 
in the table: x = 0.25, y = —1.875; x = 0.75, 
y = —1.125; etc. 

Thus, the data given in Table 1 cannot be used 
directly (Equation 6) to find constant B as they 
were in the solutions for D and C. However, deter- 
mination of the numerical values of constants A 
and B is no longer a serious problem. 

Suppose that the C and D terms were not al- 
ready known to be second and third power ex- 
ponentials. The fact that the tabulation for A*y 
in Table 1 resulted in a series of equal values would 
have proved this condition to exist and, also, that 
the A and B terms have exponents of 0 and 1. 

With the data now available, numerical values 
of the individual D and C terms can be calculated 
for each value of x in Table 1, and subtracted, or 
“stripped off,” one at a time (or simultaneously) 
from the original y values, thus leaving residual 
data in the form of 


r=y— Dz (9) 
8=r— C2? (10) 


These sets of residual data can be treated as 
entirely new data to find constants A and B. Basic 
equation for this solution is an alternate expres- 
sion for s which can be readily derived from Equa- 
tion 1: 


8-—-A+ Bz (11) 


Two alternative procedures can be used for the 
solution: (1) Set up simultaneous equations from 
Equation 11, using pairs of corresponding values 
of s and x determined by means of Equations 9 
and 10 or (2) develop a new table, similar to 
Table 1, in terms of the residual data for s and x 
and use the calculus of finite differences, just as 
in the previous analysis, to find the remaining 
constants B and A. In the latter method, the re- 
sidual data for this particular example would 
actualiy take the form of a straight-line plot 
as defined by Equation 11. Basic “difference” ex- 
pression for this residual data solution is: 


As 

—=B (12) 
Ax 
Tabular data in this case would include values of 
x, s and 4s. Constant A can be solved for directly 
by substitution in Equation 11 after B has been 
determined. 

Of the two procedures, the second would be pre- 
ferred in actual practice since the tabular approach 
gives more nearly ‘average’ results. Dependence 
on single values in simultaneous equations may 
give erratic results if considerable error is present 
in the original « and y data. 


Analysis Technique: Use of this method of data 
analysis is influenced by certain basic considera- 


tions. 


98 


If a relationship of the general type defined by 
Equation 1 is inherent in the data, as is the case 
in much of the properly measured engineering and 
scientific data, this method of analysis by the 
calculus of finite differences will give the exact 
form of the equation and determine the exponents 
and the numerical values of the constants of the 
different terms. Naturaliy, it is not necessary to 
know beforehand any of these details of the re- 
lations between the two variables being investigat- 
ed. 

One essential precaution needs to be kept con- 
stantly in mind in the use of this method: The 
“nature” of the relations between the two variables 
under investigation must not change throughout 
the entire range for which measurements are made. 
This disqualifies a great deal of conventional data. 
For example, in pressure-volume (P-V) measure- 
ments for solids, the relation of P and V usually 
changes from a nonflowing, nonplastic one to that 
of a flowing plastic solid. No consistent relation 
can be expected from a test of such varying ‘‘na- 
ture.” 

There are also some other practical points to 
be observed in applying the calculus of finite dif- 
ferences to technical data. This method is a very 
sensitive one and, therefore, needs to be applied 
with a lot of common sense. Usually, after two or, 
at the most, three differences have been taken for y, 
the unavoidable (small) errors in the measured 
data are more than enough to obscure any further 
significance the x and y relation might be expected 
to have. This is all the more true when the errors 
show a trend. To “average out” heterogeneous 
errors, it helps to replot the residual data after 
every second differencing operation and to read 
“corrected” values from the smooth “average” 
curve. 

When the exponents of the terms in the 2-y 
relationship do not occur in successive order (0, 
1, 2, 3, ete.) but instead increase in large incre- 
ments (0, 1, 4 and 8), it is helpful to plot the 
log of the residual data versus log x to determine 
what the exponent of the next unknown term is. 
The number of differences required can thus be 
considerably reduced in such cases as much as 
from a theoretical 8 to only 2. 

This combined graphical-mathematical technique 
also offers other advantages in that it produces a 
linear relationship directly, eliminating the need 
for equal increments of the independent variable, 
as required theoretically in the application of the 
calculus of finite differences. 


Application of Method: An interesting example 
of the application of the calculus of finite differ- 
ences is offered by the analysis of typical re- 
search data on metal behavior. For instance, con- 
sider the results obtained with ingot iron. 

If the reciprocal of ultimate strength, 1/s,, is 
plotted as ordinate against absolute temperature, T, 
as abscissa, the curve exhibits a three-part relation- 
ship. The simplest relationship, an upward-sloping 
straight line, occurs in that part of the complete 
curve between absolute zero and about 70 F 
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(530 Rankine). An abrupt shift in the relation 
occurs at 70 F, with the curve turning mildly down- 
ward, supposedly due to a change in the structure 
of the metal. 

The relation of 1/s, to T continues smoothly 
downward from 70 to 470 F (930R) where an- 
other change in atomic structure reverses the re- 
lationship and turns the curve upward again, this 
time very sharply. This trend continues to the 
melting temperature of the metal. 

The relationship of s, to T in the first part of 
the curve plot obviously takes the form 


1 B 
a T 


where A and B are constants. 

For the second and third parts of the curve, 
the calculus of finite differences will be applied 
to find the form of relationship. Because of data 
measurement limitations, it will not be worthwhile 
to use extreme refinement in applying this method. 

A plot of “first difference” A(1/s,) versus T 
is shown in Fig. 2a. The resulting straight line for 
the second part of the curve (70 to 470 F) shows 
the relationship here to be 

1 B C 


oe —~A+- —_ + 


Sy T T2 


where A, B and C are constants. 


Tips and 
Techniques 


A plot of “second difference” A*(1/s,) versus T 
is shown in Fig. 2b. The straight line appearing 
here establishes the relationship for the third part 
of the curve (470 F to melting point) to be of the 
form, 

1 B Cc D 
— = £4 -— $+ F 

8, T T2 T3 
where A, B, C and D are constants. 

Since it might be assumed that Equations 14 
and 15 are merely simple types of “infinite series” 
with exponents increasing in increments of one for 
each successive term, it should perhaps be pointed 
out that this is not always true. For pressure- 
volume relationships in gases and vapors, for 
example, the exponents are always in the order 0, 
1, 4 and 8. Still different variations in exponents 
are common in other cases. 

In such “natural’’ (nonempirical) relations as 
these, it will be seen that the “differencing” opera- 
tion ends itself abruptly. It does not continue on 
and on indefinitely with smaller and smaller re- 
sidual data left over. In data where the relation- 
ship has not been restricted to that existing be- 
tween two variables only, the relation is empirical 
and endless differencing is likely to result. The 
differencing can then be repeated until the residual 
data, as indicated by deviation from a straight 
line, is as small as the analyst may desire. 





Preventing Graphite Smudges 


A sandpaper block or file used for pencil point- 
ing is a potential source of smudges. To keep 
such a pencil pointer handy and prevent smudg- 
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ing, suspend it by a string from the edge of the 
drafting table so it hangs inside a section of card- 
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board mailing tube fastened to the table leg with 
masking tape.—R. WoLFARTH, Goodyear Aircraft 
Corp., Akron, O. 


Laying Out Small Angles 


Remembering two dimensions makes it easy to 
lay out angles up to 15 degrees with high accuracy. 
These dimensions are 7 3/16 in. and 1% in. They 
are used to construct a triangle as shown. Each 


\ 

8 
ly-in. increment along the line AB represents 1 
degree. A 1/16-in. increment would, of course, be 
4 degree. Total error for the 15 degree angle 
constructed by this method is 41 seconds.-—REIN- 
HOLD J. Kocu, Read Standard Corp., York, Pa. 
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Fig. 1—Unit-type hy- 
draulic transmissions 
have all circuit com- 
ponents including 
pump and motor in a 
single housing. 


DJUSTABLE-speed hydraulic transmissions 

are an excellent means for converting a 

constant-speed rotary motion into a con- 
trolled rotary motion which can be easily adjusted 
over a range of speeds. A simple constant-speed 
prime mover used in combination with a hydraulic 
transmission produces an adjustable-speed drive 
capable of use in high-torque applications with 
heavy or light loads without danger of overloading 
the prime mover. 

Basic components of an adjustable-speed hy- 
draulic transmission are a power source, suitable 
controls and a fluid motor. The power source usu- 
ally includes the primary source of input power, 
hydraulic pump, strainers, filters and fluid reser- 
voir. The source of input power may be an elec- 
tric drive motor or, in some cases, the machine 
drive itself. Hydraulic controls consist of valves 
for controlling pressure, direction and rate of flow. 


Transmission Types 


Hydraulic transmissions are available as unit 
types where pump and motor are an integral unit, 
Fig. 1, or as split transmissions where the pump 
is separated from the hydraulic motor. Because 
the fluid motor can be located some distance from 
the pump, the split type permits installation where 
available space and physical arrangement of the 
hydraulic system preclude the possibility of using 
a transmission of unit construction. In a system 
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utilizing a split transmission, as in any oil-hydrau- 
lic system, piping runs connecting the pump, motor 
and controls should be kept as short and free of 
bends as possible. 

Variable-speed hydraulic transmissions may also 
be classified according to output shaft rotation; 
i. e., a transmission may be capable of but a single 
direction of output rotation or may be reversible. 
Reversing action of the fluid motor may be accom- 
plished by means of directional valving between 
pump and motor, or by use of a reversible pump 
capable of producing flow in either direction. The 
two-dii ection pump method generally produces 
smoother reversals, permitting sinusoidal accelera- 
tion and deceleration characteristics. 

Pumps and fluid motors used in variable-speed 
hydraulic transmissions may be of gear, vane or 
piston type. Pump flow reversal is limited to the 
vane and piston types. 


Hydraulic Circuits 


Either open or closed transmission circuits may 
be used. An open circuit is one which discharges 
exhaust fluid from the hydraulic motor into the 
reservoir, Fig. 2. In this type of circuit, the pump 
draws its supply of oil from the same reservoir. 

A closed circuit is one in which exhaust from the 
hydraulic motor is returned directly to the pump 
intake port. Drain lines are used to return in- 
ternal leakage within system components to an 
oil reservoir. This leakage must be replaced in 
order to keep the closed circuit full. This can be 
accomplished by adding a line from the reservoir 
to the suction line between pump and motor, Fig. 
3. This method is known as atmospheric replen- 
ishing in that atmospheric pressure is utilized for 
pushing the make-up oil into the pump intake. 

Replenishing can also be accomplished by super- 
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selecting and applying 
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charging. Supercharging is the addition of a low- 
pressure fluid supply to the system by means of 
a small supercharging pump. This pump supplies 
make-up oil and at the same time iasures a speci- 
fied, predetermined minimum pressure at the main 
pump inlet port, permitting higher fluid velocities 
through the suction side of the pump without 
danger of cavitation. Supercharge pressure is 
usually 50 to 150 psi. Volume delivered by the 
supercharging pump need only be sufficient to 
slightly exceed that lost due to primary trans- 
mission system leakage. 

Where other than piston-type pumps are used 
in a hydraulic transmission, an open circuit is gen- 
erally selected. Choice of an open or closed cir- 
cuit when a piston-type pump is used depends upon 
many things. Where high performance is required 
of the units selected, it is generally advisable to 
employ a closed circuit. The closed circuit also 
permits use of a reversible pump as the means of 
obtaining a reversing circuit when required. The 
open circuit has in its favor simplicity and generally 
cooler operation than a comparable closed circuit. 

Operating characteristics of the pump also in- 
fluence the choice of circuits. Where there is 
danger of reduced pressure at the pump intake 
port causing cavitation, a closed circuit should 
be used and a supercharge pump included. 

It is sometimes possible to effect a cost saving 
by using a supercharged system which permits 
use of a smaller, less expensive piston pump. 
Higher intake velocities achieved with a super- 
charged system usually permit use of a pump 
which is one size smaller than would be required 
in an open circuit system delivering the same 
power. For example, a piston pump nominally 
rated at 50 gpm at rated speed with atmospheric 
pressure intake may be capable of delivering as 
much as 72.5 gpm when used in a supercharged 
circuit, an increase of nearly 50 per cent. 

This increased delivery results from the use 
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Fig. 2—In the open-type 
transmission circuit, hy- 
draulic fluid is discharged 3) 
from the fluid motor in- 

to a reservoir or tank. 
The pump draws its sup- 
ply of oil from the tank. 


fr. 
th : 











Fig. 3—In a a 
transmission circuit the 
fluid motor discharges 
directly to the pamp in- 
let. Because of leakage 
losses, a small reservoir 








is included in the system. 











of more of the inherent pump capacity by pushing 
the fluid through the intake port rather than rely- 
ing on pump suction to draw the fluid in. Super- 
charging, therefore, represents a means of in- 
creasing allowable pump displacement and thereby 
increasing volume delivered. 

Where a reversible pump is used to achieve two 
directions of transmission output shaft rotation, 
a closed circuit must be used to permit interchange 
of pump inlet and outlet ports. Closed circuits 
also permit use of a very small pump for super- 
charging, because it need only deliver an amount 
of oil that is slightly in excess of total system 
leakage. In order to supercharge the main pump 
inlet in an open circuit, the supercharge pump ca- 
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Fig. 4—This circuit incorporates a super- 
charge pump and a reversible replenishing 
system. Supercharging increases capacity of 
the main pump by maintaining pressure at 
the pump inlet and removing the possibility 
of cavitation at high flow rates. The super- 
charge pump has its own relief valve which 
limits inlet pressure to the main pump to 
approximately 150 psi. The relief and re- 
plenishing valve is a single unit which be- 
cause of the arrangement of the check valves 
admits fluid to the system on the low-pres- 
sure side of the main pump but does not 
permit fluid pressure to be lost from the 
high-pressure side despite flow reversal. 
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Fig. 5—Typical vane hydraulic motor per- 
formance curves for 1000 psi inlet pres- 
sure with oil having 150 ssu viscosity at 
100 F operating at 120 F. 








pacity must be a little in excess of total demand 
at the main pump inlet. 

In a reversing adjustable-speed hydraulic trans- 
missien circuit, either pump line may be the intake 
side. Provision must, therefore, be made for a 
replenishing arrangement which will also be re- 
versible, Fig. 4. In this reversible replenishing cir- 
cuit, Fig. 4, the setting of the supercharge line 
relief valve and its location with regard to the 
variable-displacement pump, determine the ad- 
equacy of fluid pressure at the pump inlet. Re- 
commended supercharge pressure is normally 150 
psi measured at a point in the inlet line 4 or 5 ft 
from the pump intake port. Length and size 
of pipe between the supercharge relief valve and 
the pump inlet must be taken into account when 
designing a supercharging circuit. Relief valve 
setting must be sufficiently in excess of 150 psi 
to aliow for pressure drop in the pipe. 


Pump and Motor Selection 


Specified horsepower, torque, speed, efficiency, 
operating pressure, space and weight limitations, 
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life expectancy and cost factors must, of course, 
all be considered when selecting pumps and mo- 
tors. Vane and gear pumps and motors have 
the following factors generally in their favor: 


1. They are less costly than piston type units of 
comparable capacity. 

. Because of their relatively high slippage char- 
acteristics, they have good shock absorption 
abilities and can be used satisfactorily in low- 
efficiency circuits involving high-frequency cy- 
cling. 

3. They are of more simple construction than 
piston types and are, therefore, more easily 
understood and serviced by maintenance per- 
sonnel. 


Recommended minimum speed for general ap- 
plications of vane type units is usually about 100 
rpm for motors and 600 rpm for pumps with 
maximum varying from 2200 to 1200 rpm de- 
pending upon pump or motor size. Where a lower 
motor-speed range is desired, it is generally ad- 
visable to use a speed-reducer take-off from the 
fluid-motor shaft. The motor can then operate at 
a higher, more desirable speed. Use of a speed 
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reducer also lessens the required torque at the 
motor in proportion to the reduction ratio and 
frequently permits use of a smaller unit. 

Potentially serious bearing loads can be pro- 
duced in vane units by normal hydraulic pressures. 
To minimize the effect of such loads, vane motors 
and pumps should be of hydraulically balanced 
construction. Recommended operating pressures 
for circuits in which vane-type fluid motors and 
pumps are used are generally lower than those 
employing piston units. 

For vane-type equipment, actual running torque 
usually approximates 90 per cent of theoretical 
torque, with starting torque about 90 per cent of 
running torque. Overall efficiency depends upon 
operating pressure, speed, fluid characteristics, 
and other factors, but can generally be said to 
average about 70 to 80 per cent for recommended 
conditions of operation. Typical vane motor per- 
formance curves are shown in Fig. 5. 

Where torque, efficiencies and permissible oper- 
ating pressures are adequate to meet requirements, 
selection of other than a piston-type motor will 
usually produce some savings in cost. If greater 
torque, higher operating pressures or better effi- 
ciency are required, piston-type motor and pump 
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are normally selected. 

Commercially available standard piston units are 
capable of direct output torque up to 567,000 lb-in. 
Full-load torque can be delivered at very low 
speeds. Successful applications have been made 
at full-load operating speeds of less than 1 rpm. 
Maximum recommended speed is 3600 rpm for 
smaller sizes, 400 rpm for the largest size units. 

For piston-type equipment, actual running torque 
usually approximates 95 per cent of theoretical 
torque, with starting torque about 95 per cent 
of running torque. Volumetric efficiency is a func- 
tion of operating pressure and fluid viscosity. 
Losses are the result of leakage, fluid compress- 
ibility and pump structure deflection. Combined 
losses may run about 1 per cent for each 1000 psi 
of operating pressure. Thus a piston motor operat- 
ing at 3000 psi can generally be expected to be 
within 97 per cent of calculated speed based on 
theoretical displacement. 

As is true of other types, overall efficiency of 
piston units depends upon operating pressure, 
speed, fluid characteristics, and other factors; it 
generally approximates 80 to 90 per cent when 
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Fig. 6—Performance curves for a typical piston- 
type hydraulic motor. Overall efficiency is in 
the range of 80 to 90 per cent. 
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Cylinder Control 


Fig. 8—Basic control arrangements available with standard models of piston type 
pumps and motors. Stem and servo arrangements can be used with a variety of 
manual or mechanical control linkages. The handwheel control is for manual ad- 
justment only. The cylinder control permits a pilot valve to be used as a selector 
for either of two adjustable delivery rates. The pressure compensator control device 
is a purely hydraulic mechanism. 
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Fig. 7—This hydraulic transmission incorporat- 
ing a variable-displacement pump and fixed-dis- 
placement motor serves as a tensioning brake 
on a strip-mill feed reel. 
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» 
fee 
Diaphragm control 

Fig. 9—Above—One of the possible variations 
possible when using mechanical control of 
pump or motor displacement is illustrated here. 
A diaphragm is used to control the position of 
a cam whose contour is translated into a change 


in pump or motor displacement by a push rod 
connected to the yoke of the pump or motor. 


Fig. 10—Below—When cylinder control is used 
to obtain two different displacement positions 
of a variable-displacement pump or motor, it is 
advisable to control the rate of displacement 
change. In this circuit, two flow-control valves 
are used to restrict flow from the pump-control 
cylinder and thus control acceleration and de- 
celeration of the motor. 


piston pumps and motors are operated within the 
range of recommended conditions. A curve of over- 
all efficiency is plotted in Fig. 6 for a typical 
piston-type hydraulic motor. Overall efficiencies 
for the entire drive where a piston-type pump and 
a piston-type motor are combined may be as high 
as 85 per cent. 


Example: To illustrate the procedure involved 
in selection of a pump and fluid motor for use in 
an adjustable-speed hydraulic transmission, selec- 
tion of these components for a strip-mill pay-off 
reel, Fig. 7, will be considered. In this application, 
the transmission is not actually a drive. It is a 
tension-controlling device. The strip mill pulls the 
reel, the reel drives the pump, the pump drives 
the fluid motor and the motor output is fed back 
to the strip mill. The transmission, therefore, 
serves as a brake. 

First step is an analysis of drive requirements. 
The pay-off reel has a core diameter of 10 in. 
and a 40-in. maximum diameter. The strip pays 
off the reel into a machine whose speed is adjust- 
able to provide strip speeds within the range of 
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Fig. 11—Left — Horsepower and torque curves 
show the virtually constant-torque and variable- 
horsepower available from a hydraulic transmis- 
sion which utilizes a variable-delivery pump and a 
constant-displacement fluid motor. 
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Full load Fig. 12—A constant- 
delivery pump, vari- 
able-displacement mo- 
tor combination pro- 
duces nearly constant 
power with torque 
output decreasing as 
speed increases. 
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50 to 200 ft per min. Tension on the strip should 
be adjustable between 100 and 300 Ib. 

Reel speeds at high and low strip speeds for 
major and minor drum diameters are first calcu- 
lated to determine pump speed: 


128 


TD 


where R = reel speed, rpm; S = strip speed, fpm; 
and D = reel diameter, in. Speeds of 76.4 rpm 
and 4.8 rpm are found to be maximum and mini- 
mum. However, this minimum speed is too low 
for satisfactory control. A speed increaser with 
a 15:1 ratio is employed, therefore, to increase 
minimum pump speed to 72 rpm and keep maxi- 
mum speed to an acceptable figure of 1146 rpm. 

Torque required at the reel to maintain required 
tension must also be computed: 


y ee 
2 


where T = torque, lb-in.; W = strip tension, lb, 


Fig. 13—A constant-displacement pump, vari- 
able-displacement motor transmission is used 
in this strip-mill coiling drive to re 
decrease speed and increase torque as the ef- 
fective reel diameter increases because of strip 
buildup. Pressure compensator control of the 
motor produces this result by increasing the 
pump displacement per revolution to maintain 
constant pressure. 
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and D = effective reel diameter. Maximum and 
minimum torques are found to be 6000 and 500 
Ib-in., respectively. These figures are modified by 
the ratio of the speed increaser and an assumed 
efficiency of 90 per cent for the speed increaser to 
360 and 30 Ib-in. 

Pump size selection is based upon the maximum 
torque requirement and operating pressure which 
are directly proportional. Catalog data on fluid 
motors include torque per unit pressure and are 
used to select a pump providing the required 
torque at desired pressure. That is, a motor fitting 
the requirements is first selected and then a pump 
with equal displacement per revolution is chosen. 
In this case 1000 psi is chosen for maximum pres- 
sure and leads to a fluid motor with a theoretical 
torque rating of 383.5 lb-in. per 1000 psi or a 
pump delivering 2.41 cu in. per rev. Assuming 
that actual torque is 95 per cent of theoretical 
shows that actual maximum operating pressure 


Strip sheet stock 


Minor reel diameter 
Major reel diameter 
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will be 895 psi from 
1000TE 


K 


pressure, psi; 7 = torque, lb-in.; HE = 
torque per unit pressure, lb-in. 


where P = 
efficiency, and K = 
per 1000 psi. 
Control means for the pump or motor as well 
as speed-torque characteristics of the transmission 
are based upon load characteristics. For this ap- 
plication reel diameter decreases as reel speed 
increases and the torque requirement decreases 
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Fig. 14—Output characteristics of hydraulic 
transmissions using both variable-displacement 
pump and variable-displacement motor. 











Fig. 15—A variable-displacement pump, variable- 
displacement motor transmission is used on this mill- 


ing machine to provide an extremely wide range of 
speed variation combined with automatic control of 
surface cutting speed on a spherical surface. A cam 


Worm drive geor 


Hemispherical workpiece 


Fluid motor 


‘ 
Com slot 


contro! Follower linkaye 


at a rate proportional to the reduction in reel 
diameter. This is a constant-horsepower require- 
ment which is met by a variable-displacement 
pump, fixed-displacement motor combination. A 
pressure-compensating control will automatically 
maintain the required constant flow and pressure 
despite variations in shaft speed and torque. 

Fluid motor for this tension-control system is 
selected to have slightly less displacement. than 
the pump will supply. This guarantees the pump will 
always exert tensioning torque on the reel. Since 
low speeds are most critical, the low end of the 
speed range is used to determine the required dis- 
placement from 


Q = Rd, 


where Q = flow, cu in. per min; R = pump shaft 
speed, rpm, and d, = pump displacement, cu in. 
per rev. This flow rate for the example is 690 
cu in. per min, Since the pump must also supply 
leakage losses in the various system components, 
this figure should be reduced approximately 20 
per cent to get a reasonable approximation of 
actual oil delivery to the motor. This rate is 552 
cu in. per min. 

In selecting a fluid motor to accept 552 cu in. 
per min, it is most economical to select as small 
a motor as possible consistent with displacement 


slot in the table driven by the hydraulic motor ac- 
tuates the servo control of the motor to vary motor 
speed as the diameter of cut changes and thus main- 
tain nearly constant surface speed of the cutting 
tool. 
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requirements and maximum recommended speed. 
A motor having a displacement per revolution of 
0.76 cu in. fulfills this requirement and operates 
at speeds of 180 to 730 rpm. A speed reducer or 
increaser may then be used to connect the motor 
shaft to the machine for proper matching of speed. 


Control Types 


Standard variabie-dispiacement models of piston 
pumps and motors for use in adjustable-speed 
hydraulic transmissions are available equipped for 
a variety of control methods. The basic control 
types, Fig. 8, are stem, handwheel, cylinder, 
servo and pressure compensator. The stem 
contro! is a straight push-pull type mechanism 
that can be actuated manually or automatically 
through a mechanical linkage, Fig. 9. The hand- 
wheel control is a purely manual device that per- 
mits control of displacement. 

Cylinder control utilizes a hydraulic cylinder 
to control displacement. A_ solenoid-controlled 
directional valve is used to direct pilot pressure 
to displace the cylinder in one direction or the 
other, Fig. 10. This type of control permits two 
displacement positions and can be used with a 
fluid motor to provide low and high torque opera- 
tion or with a pump to provide two different 
delivery rates. The servo control, a hydraulic boost 
mechanism, is a modification of the stem-control 
design. It is used with larger pumps and motors 
where the mass to be positioned is relatively 
large. An example of the application of a servo 
control is illustrated later (Fig. 15). 

The pressure compensator control is a means 
of controlling torque in a fluid motor or delivery 
in a pump. The compensator responds to line 
pressure and adjusts the position of the yoke ac- 
cordingly. 


Applications 


Speed of a fluid motor varies when the volume 
of oil delivered to the fluid motor is varied, when 
motor displacement is varied, or when both volume 
delivered and motor displacement are varied. These 
three basic combinations can be utilized to meet a 
wide variety of application requirements. An anal- 
ysis of the power characteristics of the machine 
to be driven will generally determine the best com- 
bination for the job. 

A transmission consisting of a variable-delivery 
pump combined with a constant-displacement fluid 
motor produces an adjustable-speed hydraulic 
transmission having virtually constant torque and 
variable-horsepower characteristics for a given 
load, Fig. 11. Pump delivery can be infinitely 
varied from zero to its maximum rated volume. 
The change in pump delivery is accomplished by 
displacing a yoke carrying the cylinder block as- 
sembly to alter its angular relation to the drive 
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shaft. Piston stroke increases as the yoke moves 
off center, resulting in increased pump delivery. 
Since motor displacement is fixed, changes in pump 
delivery produce proportional changes in the speed 
at which the motor shaft rotates. 

This variable-displacement pump, fixed-displace- 
ment motor transmission is suited to such con- 
stant torque applications as conveyor drives, ma- 
chine tool feeds, stokers and processing machinery. 

A constant-delivery pump, variable-displacement 
fluid motor combination produces a variable-torque, 
virtually constant-horsepower transmission, Fig. 12. 
Except for minor construction features, variable- 
displacement, piston-type motors used in this ar- 
rangement are identical with variable-displacement 
pumps. However, the motor operates at minimum 
speed and produces maximum torque when the 
yoke is at maximum angle. At minimum yoke 
angle, speed is maximum and torque minimum. 
Speed range of this type of piston motor is normal- 
ly limited to 4 to 1. The range will be narrower 
if the minimum speed is greater than 4% the maxi- 
mum recommended, a recommendation which is 
based on optimum-life data. 

A common application of the fixed-displacement 
pump, variable-displacement motor transmission 
is a coiling drive, Fig. 13, designed for uniform 
tensioning. This transmission arrangement also 
fits the requirements of machine tool cutter drives, 
planer drives and other drives calling for con- 
stant horsepower. 

For applications requiring any combination of 
torque and horsepower characteristics, an adjust- 
able-speed hydraulic transmission consisting of 
a variable-delivery pump and variable-displacement 
fluid motor is generally used, Fig. 14. This type 
of transmission can be used to advantage in ap- 
plications requiring a wide speed range, Fig. 15. 
Overall efficiency for this type of hydraulic trans- 
mission is approximately 85 per cent for all out- 
put speeds greater than 30 per cent of maximum. 

In development of variable-speed transmission 
circuits, the rules and factors governing the de- 
sign of hydraulic circuits in general still apply. 
Only the basic considerations relating specifically 
to design of variable-speed hydraulic transmission 
circuits have been presented. Many possibilities 
and considerations other than those discussed and 
illustrated exist. The ability to easily create a 
special variation of one of the basic arrangements 
or combinations through proper selection and ap- 
plication of hydraulic valving is an inherent ad- 
vantage of variable-speed hydraulic transmissions. 


“The expansion of military electronics is a strik- 
ing example of dependence on technological ad- 
vances. Government purchases of electronic equip- 
ment in 1941 totaled $25,000,000. They totaled 
$2,300,000,000 in 1954—about a hundredfold in- 
crease in 13 years.”—-COLONEL O. G. Haywoon, 
USAFR. 
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Oscilloscope Designed for Accessibility 


J) NITIZED construction of 
a recently announced 
oscilloscope results in high 
accessibility for servicing and 
also makes it possible to re- 
move and replace entire sub- 
assemblies.- A product of 
Hewlett-Packard Co., the os- 
cilloscope makes extensive 
use of etched circuits. Ver- 
satility of the instrument is 
also increased because a dual- 
channel vertical preamplifier 
may be quickly interchanged 
with a high-gain single-chan- 
nel vertical preamplifier. An 
additional benefit of unitized 
construction is the functional 
grouping of controls. 











oa ie re Swing-out panels house the 
horizontal amplifier and the 
sweep and trigger circuits to 
provide a high or- 
der of accessibili- 
ty. Interchangeable 
vertical amplifiers 
are constructed in 
the form of a 
drawer which 
slides in or out of 
the bottom of the 
*scope. All connec- 
tions are made by 
plugs. Many other 
circuits are also in 
unit form and are 
connected by plug- 
in type wiring. 
Spare  subassem- 
blies may thus be 
kept on hand and 
quickly installed in 
the event of a mal- 
function. 
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ELECTRICAL CONTROLS. 


aa ¢ Code Regulations hast 


¢ Cost Factors : 
¢ Space Requirements — “ge 


< 
VA By Victor Spagnuolo \ 


Chief Engineer 
Gemco Electric Co. 


Fig. 1—Multiple type 
explosionproof, _ elec- 
trical-control enclosure 
that replaces three 
standard _explosion- 
proof enclosures. Note 
ruggedness of the 
casing, number of 

XTREME care must be exercised in design- bolts, and joint widths. 

ing and applying electrical controls on ma- 

chines that will be operated in hazardous 
atmospheres. To protect machines and personnel in 
these industrial locations, enclosures for electrical 
controls must be so constructed as to prevent 
flames from being emitted to the outside of the 
enclosure, Fig. 1. 

When and when not to specify explosionproof 
controls is determined by a survey of the area in 
which the ecuipment or machine is to be installed 
or operated. Assurance of safety in hazardous lo- 
cations is a three-way partnership affair among 
the National Electrical Code (NEC), Underwriter’s 
Laboratory and the manufacturer of the equipment 
or controls. The National Electrical Code is com- 
piled by the National Fire Protection Association. 
Underwriter’s Laboratory is a nonprofit examina- 
tion and testing service sponsored by the Na- 
tional Board of Fire Underwriters. NEC sets the 
minimum standards for reasonable safety and serv- 
ice of various types of fire protective electrical 
equipment. Basic NEC definitions of the four 
classes of hazardous locations are given in Table 1. 
The responsibility of determining the existence 
and extent of the hazardous area rests with the 
local authority enforcing the code. 

Explosionproof equipment for use in the pres- 
ence of combustible gases must be constructed so 
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Table 1—Classes of Hazardous 
Locations as Defined by the 
National Electrical Code 





Class I: Locations in which explosions or fire hazards 
may occur because of explosive or flammable gases in 
the air. 


Group A: Atmospheres containing acetylene. 

Group B: Atmospheres containing hydrogen or 
gases or vapors of equivalent hazards 
such as manufactured gas. 

Group C: Atmospheres containing ethyl ether va- 
pors, ethylene, or cyclopropane. 

Group D: Atmospheres containing gasoline, pe- 
troleum, naphtha, benzine, butane, pro- 
pane, alcohol, acetone, benzol, lacquer 
solvent vapors and natural gas. 

Class I enclosures are constructed to withstand in- 
ternal explosions and prevent escape of flame. The 
NEMA type 7 enclosure is designed for use in Class I, 
Group D areas. 





Class II: Locations made hazardous by an atmosphere 
of combustible or conductive dust. 


Group E: Atmospheres containing metal dusts, 
including aluminum, magnesium, and 
their commercial alloys. 

Group F: Atmospheres containing carbon black, 
coal or coke dust. 

Group G: Atmospheres containing flour, starch, 
and grain dust. 


Class II enclosures are constructed to exclude dust 
from hot or arcing parts and operate cool under a 
dust blanket. The NEMA type 9 enclosure is de- 
signed for use in Class II, Group E, F, G areas. 





Class III: Locations in which it is impractical to pre- 
vent combustible dust from collecting on or in motors, 
lamps or other electrical devices in such quantities as 
to prevent normal radiation and cause overheating 
and combustion. 





Class IV: Locations where easily ignitible fibers or 
materials producing combustible flyings are handled, 
manufactured, stored or used. 











that explosions within it will not cause a sufficient 
rupture to ignite surrounding gases or vapor-air 
mixtures. Joints must be of the metal-to-metal 
type with adequate width and small clearances 
to arrest flame propagation from the interior to 
the exterior. This construction is not vaportight. 
Under some conditions explosive vapors will pene- 
trate, but the subsequent explosions will not ignite 
the exterior gases, Table 2 lists basic design re- 
quirements for explosionproof controls. 

The problem of hazardous locations does not 
necessarily arise from the continual presence of 
volatile gas mixtures. The same. dangers will be 
present if failure or leakage of other equipment 
might possibly emit a gas or fume that could 
cause an explosion. For example, as shown in 
Fig. 2, only a small percentage of gasoline vapor 
is required to produce intense combustion. In 
fact, a high vapor percentage actually reduces 
the chances of a man-killing explosion. 


Cost Factors: When confronted with designing 
equipment for hazardous locations, there often 
appears to be one “easy out”, ie., mount all of 
the electrical controls in standard enclosures out- 
side the hazardous area. This would be satisfac- 
tory if no controls were required at the installa- 
tion, but this is seldom the case. Conduits from 
within the hazardous area to controls without must 
be properly sealed. Unfortunately, according to a 
survey by one manufacturer, it has been found 
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Fig. 4—Special, multiple type explosionproof 
enclosure that takes the place of eight sep- 


arate enclosures. 
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Table 2—Design Requirements 
for Explosionproof Controls’ 





Major 
Features 


Class I, Group D 
(Note 2) 


Class Il, Groups 
F & G (Note 3) 





1, Casing or 
enclosures 


Strength giving cal- 
culated safety factor 
of 4 over maximum 
explosion pressure. 
Control must also 
withstand hydrostat- 
ic test. 


Substantial; dust- 
tight. 





. Bolt- 
strength 
spacing and 
location 


A maximum spacing 
of 6 in. is_ best. 
Strength for safety 
factor of 4. Maxi- 
mum hole clearance 
0.031-in. with speci- 
fied joint widths. 


Sufficient number 
of bolts to main- 
tain dust - tight- 
ness. 





. Joint 
widths and 
clearances 


Threaded joint with 
5 full threads suit- 
able for all sizes. 
Flat joint must be 1 
in. minimum path, 
0.0033-in. maximum 
clearance. 


Metal - to - metal 
joint, 3/16 in. 
minimum width. 
Gasket, %-in. 
minimum _ width, 
permanently at- 
tached, permis- 
sible. 





. Sealing of 
leads 


Leads tightly fitted 
and sealed with spec- 
ified nonsoftening, 
noncracking co m- 
pound, %-in. to 14 
in. depth according 
to size. 


Same as Class T 
except reduced 
depth of 7/16-in. 
to %-in. permit- 
ted. 





quirements onl 


F and G 





test to be equivalent. 


y. 


1. Designs must always be proved by tests of rep- 
resentative samples. Constructions differing from de- 
tails described in this table may be used if found by’ 
This table lists minimum re- 


2. Oil-immersed, Class I, Group D, minimum con- 
trol requirements are (a) a substantial casing, (b) 
mechanical and soldered electric connections or joints 
as well as arcing parts immersed in oil to a minimum 
of 6 in., and (c) visible oil-level indicator. 

3. Class II, Group E, equipment must meet other 
requirements in addition to those listed for Groups 
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Table 3—Cost Comparison of Starters* 





Standard 
Size NEMA Type 1 


Explosionproof 


NEMA Type 7 Differential 





$58.00 
107.00 
133.00 
172.00 


1 $25.50 
2 53.00 
3 79.00 
4 175.00 


$83.50 
160.00 
212.00 
347.00 





*Typical price differentials between standard and 
explosionproof starters based on average published 
list prices less 36 percent discount. 
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that only about 50 per cent of such seals have been 
properly maintained; the result is unsuspected 
hazards. There have been several accidents caused 
by improper seals. Fatalities usually result when 
an explosion occurs in mauually operated non- 
explosionproof control panels or circuit breakers. 
Thus, a thorough investigation must be made of 
maintenance procedures at a proposed installa- 
tion before recommending a “solution.” 

Remote location of controls, however, is also 
a matter of economics. If it is merely necessary 
to run circuits through a nearby wall and find 
a nonhazardous location, then it is probable that 
the installation of nonexplosionproof controls will 
be cheaper. When controls must be removed a con- 
siderable distance from the hazardous area to find 
a safe location, the extra installation costs usually 
offset the cost difference between explosionproof 
controls and nonexplosionproof controls. 

A sampling of electrical contractors, for instance, 
shows that the installed cost of a 1-inch conduit 
with conductors averages $2.25 per foot. This would 
nominally serve a size 2 motor starter. A NEMA 
type 7, size 2, explosionproof motor starter costs 
approximately $160. A NEMA size 2, type 1 non- 
explosionproof motor starter costs $48. Thus, the 
price difference of $107 would be offset by a con- 
duit run of 48 feet. If an outside type starter, 
NEMA type 4, which costs $100 were required, 
the difference would be only $47 and the break- 
even conduit run would be only 16 feet. The data 
in Table 3 and Fig. 3 provide a quick check of 
the instaliation economics. In general, separation of 
the controls from the machine by more than about 
30 feet is not economically practical unless ideal 
circuit-layout conditions exist. 

Undoubtedly the most progressive wrinkle in 
solving explosionproof control problems has been 
the development of large cast-aluminum housings 
for multiple installation of starters, circuit break- 
ers, timers, relays, etc. Such explosionproof en- 
closures have been made with inside dimensions 
up to 13% by 46 by 7% inches, having outside 
dimensions of 18144 by 504% by 10% inches. These 
enclosures are advantageous from two standpoints 
—original cost and space savings. 

ORIGINAL CosT: An explosionproof enclosure with 
13% by 46 by 7% inches inside dimensions, for 
example, contains the same control components 
which would normally require 20 separate ex- 
plosionproof enclosures, each housing one of the 
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components. Such a special enclosure costs ap- 
proximately $1000, whereas the 20 separate en- 
closures will total approximately $2000. The latter 
figure does not include the costs of extra installa- 
tion time, extra conduit, fittings, etc., which would 
be required to connect the separate explosionproof 
enclosures. 

SPACE SAVINGS: When wall space or machine- 
mounting space is at a premium, the combination 
of electrical components in one exrlosionproof en- 
closure will reduce area mounting requirements 
by as much as 70 per cent. Typical multiple en- 
closures are shown in Figs. 1 and 4. For the pur- 
pose of estimating space requirements, refer to 
the area demand chart, Fig. 5. This chart naturally 
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does not meet all needs, since there is an endless 
combination of control components commercially 
available. However, it will serve as a guide in es- 
timating wall space or machine mounting space 
for explosionproof controls. 


Special Enclosures: These are sometimes fabri- 
cated of steel weldments, The number of units 
required would dictate whether a casting or weld- 
ment type enclosure would be used. The require- 
ments are the same as to flame path, ground 
joints, number of threads, etc., but the test then 
requires only a safety factor of 2 without perma- 
nent deformation of the enclosure, i.e., 2 x 135 = 
270-pound test. 





Protecting Drawing Edges 


Protecting the edge of a drawing from fraying 
is a common problem. One simple way to do this 
is to fold a sheet of fairly heavy paper such as 


Drawing 


Shee? of stiff paper 
* 


be Drawing 
board 




















Rail Fold free to 
move 


an old blueprint as shown, and insert it between a 
rail along the edge of the board and the board. 
A portion of this paper will then cover the edge 
of the drawing. Because the protective paper is 
not taped or otherwise fastened, it does not inter- 
fere with any required movement of the drawing.— 
EWALD SCHLACHTER, draftsman, Kiekhaefer Aero- 
marine Motors, Oshkosh, Wis. 


Keeping Tools on the Table 


A simple and easy method for keeping triangles 
and other drafting tools on the table even when 
the table is inclined at angles as high as 45 de- 
grees is provided by masking tape. Simply place 
a length of 1 in., or wider, tape along the upper 
edge of the board, with the sticky side up. Fasten 
it at ends and the middle with short pieces applied 
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Tape, sticky side up>_ 




















in conventional fashion. Tools placed upon the 
tape will not slide and may be picked up as easily 
as from any other surface when they are needed. 
—G. L. STANTON, layout draftsman, Mast Devel- 
opment Co., Davenport, Iowa. 


Drawing Board Surface 


Drawing boards are often covered with paper 
to provide a smooth drawing surface. This paper 
may stretch and wrinkle with humidity changes 
and is also susceptible to damage and tearing. A 
superior surface is provided by battleship linoleum 
which is smooth, resilient and easy to keep clean. 
The linoleum may be purchased to size and cement- 
ed to the board. For eye ease, dark-green is sug- 
gested. This also eliminates troubles with doodlers. 
W. R. Encer, draftsman, Outboard Marine Corp. of 
Canada Ltd., Peterborough, Can. 


Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables or photos to: Tips and Techniques 
Editor, MACHINE DESIGN, Penton Blidg., Cleveland 13, O. 
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By D. S. Davis 
Professor of Engineering 
University of Alabama 
University, Ala. methods.* For welded and seamless steel pipe the 
nominal pipe-size scale is used; actual outside di- 
| ELDED pipe bends can be laid out by not- ameter is shown on the right-hand side of the same 
ing angle of bend a (see sketch with nomo- aie As an example, joining the points with 
graph) and measuring distance d, which straightedge shows that the distance d for nominal 
is equal to the actual outer radius of the pipe 8-inch pipe and an angle of bend of 60 degrees 
times tan «/2. But this equation is solved readily should be 2.5 inches, 
and accurately by the accompanying nomograph, station i 


x a, *D is— hy and Empirical Equations, Reinhold 
which was constructed by application of standard = puhisnnng Corn, New York. 1995, Chapter 6. 
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Reinforced Plastic Panels 


By John G. Coffin 


Chevrolet Motor Div. 
General Motors Corp. 


XPERIENCE gained in the au- 

tomotive industry suggests 
applications for reinforced plas- 
tics. Extensive research, develop- 
ment and testing resulted in the 
Chevrolet Corvette, a plastic-bodied 
sports car, manufactured on a pro- 
duction basis. Problems which 
arose in relation to the use of re- 
inforced plastic for the Corvette 
body have been resolved, and the 
characteristics of this material in- 
dicate that continued development 
is worthwhile. A body-shell weight 
of 340 lb was achieved by using 
reinforced plastic panels consisting 
of approximately 40 per cent glass 
fiber, 45 per cent polyester syn- 


thetic resin and 15 per cent min- 
eral filler. 


Physical Properties: In terms 
of static strength, steel is between 
2 and 3 times stronger than plas- 
tic; however, plastic panels nom- 
inally 0.1-in. thick are used com- 
pared with the commonly used 
0.036-in. (20 gage) steel. The 
plastic part is, thereby, actually 
stronger than a _ corresponding 
steel part, Table 1. 

This greater thickness assures 
adequate stiffness, as well as 
ample tensile, flexural, and impact 
strengths. With regard to flexural 
rigidity, the plastic modulus is 
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only about 1.3 x 10° against 30.0 
<x 10° for steel. In bending, the 
thickness is a cube factor, and this 
results in almost equivalent flex- 
ural stiffness between steel and 
plastic in these thicknesses. Ten- 
sile rigidity, however, is increased 
by the first power of thickness, and 
the greater thickness does not 
come close to nullifying the mod- 
ulus deficiency. The magnitude of 
this would be expected to cause 
noticeably high deflection of load- 
bearing members of box section 
design, hinge pillars for example, 
where tensile modulus must be 
considered. However, this lack of 
tensile rigidity proves harmless 





Fig. 1—Reinforced plastic panel after painting, left. The appearance of fiber pat- 
tern, or fiber trace, right, is caused by high humidity conditions and to some extent 
by differential paint film thickness. 





MACHINE DESIGN 





Successful application of plastic pe 
els has been demonstrated by Chev- 
rolet Corvette. 


under dynamic load application 
conditions and can be ignored pro- 
vided the larger static deflections 
are allowed for in assembly. 


Fiber Pattern in Weathering: 
While impervious to corrosion in 
the usual sense in practically any 
environment, the surface appear- 
ance of some reinforced plastic 
compositions is adversely affected 
by exposure to high atmospheric 
humidity and elevated tempera- 
tures. 

The appearance of glass fiber 
pattern, or fiber trace, under high 
humidity conditions, Fig. 1, right, 
is partially due to differential 
paint film thickness. In a typical, 
unpainted reinforced plastic mold- 
ing, the surface roughness is 
caused by resin shrinkage, and the 
fibers are in relief over hollows in 
the resin-rich “matrix.” After 
painting, this roughness is ob- 
scured as the paint fills in the de- 
pressions, Fig. 1, left. On subse- 
quent exposure to moisture, how- 
ever, the paint film absorbs water 
and swells in proportion to its orig- 
inal thickness. Consequently, the 
greater thickness of paint over 
resin-rich areas becomes raised 
above that covering the fibers, and 
the “fiber map” becomes notice- 
able. Actually, then, this fiber pat- 
tern is visible in reverse; that is, 
the surface over the glass fibers 
is depressed and that over resin- 
rich areas is raised. 

Some of the fiber pattern which 
becomes prominent with absorp- 
tion of moisture is a function of 
the water resistance and polarity 
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Table 1—Comparison of Typical Physical Properties 
of Reinforced Plastic and Steel 


Property Plastic 





Stee! 
am Cc- 1010) 





Specific gravity ....... adn oa. 1.50 7.87 
Thermal expansion (per pn F) pei ae BS a 12x10-* 6x 10-* 
Thermal conductivity (Btu/hr/sq ft/deg ‘F/in. “es 2 310 
Specific heat (Btu/lb/deg F) ........ : 0.3 0.1 
Water absorption (per cent weleht manenee nies 

Be MP hccases eee rr 0.5 
Corrosion (5 per cent ‘galt ‘nabs’ oes ohne boeken none 
eo OE es burns slowly 
Tensile strength (pal) bd the 4420945000000 «oe 17,000 
po ere 17,000 
Flexural strength (psi) ins ee ee 25,000 
Flexural modulus 

at room temperature (psi) 0s omen 1,300,000 

at 180 F (psi) . 600,000 
Impact cracking resistance sareuaien ‘ball test) 

at room temperature (in.) 

at —10 F (in.) 

at room temperature ater aging 7 pon at 

212 F (in.) sien $i cao dhe 

{mpact strength, notched Izod ‘(tt Wb/ An. ) 
Hardness (Rockwell) . 


Wet strength retention (per cent ‘original strength 
retained after 2 hr in boiling water). aac 





Fig. 2 — Relationship 
between stiffness and 
impact cracking resist- 
ance of reinforced 
polyester resin. 
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of the resin used in making the 
plastic panels. To keep the influ- 
ence of the resin on fiber pattern 
at a minimum, 0.5 per cent maxi- 
mum water absorption after 24- 
hr immersion of uncoated plastic 
parts in water at room tempera- 
ture is specified. 

The appearance of fiber pattern 
due to exposure to elevated tem- 
perature may be permanent or 
temporary. If the resin in a lam- 
inate is undercured, permanent 
shrinkage occurs on heating. The 
resultant fiber pattern can be re- 
moved by polishing the overlaying 
paint film. Fiber pattern caused 
by undercuring can be averted 
through proper curing and hard- 
ness control by the plastic molder. 
Tests of strength and modulus also 
will evidence improperly cured 
resin. Temporary fiber appear- 
ance can be noticed on heating of 
fully cured, painted panels to 
about 180 F or higher. These 
temperatures cause the glass-rich 
and resin-rich portions to expand 
differentially. When the material 
cools, the pattern disappears. Fiber 
pattern attributable to this phe- 
nomenon is, therefore, of little 
practical concern. 


Resilience and Rigidity: Orig- 
inally, it was found that reinforced 
polyester laminates having a resin- 
rich surface (gel-coat) of poor flex- 
ibility (iow cured elongation) were 
susceptible to cracking if used for 
automobile body panels subject to 
localized impact loads or high and 
repeated flexing stresses. For ex- 
ample, stones thrown by the car’s 
tires would cause “stone bruising,” 
or star-like cracks, on the outer 
surfaces of panels which were im- 
pacted on the underside. A re- 
verse impact, or falling ball im- 
pact, test was developed to eval- 
uate resistance to this type of 
damage. Early experimental bodies 
having rigid resin gel-coats devel- 
oped numerous failures of this type 
in service on gravel roads. 

As service background was ac- 
cumulated it was found that die- 
molded, reinforced plastic panels 
without gel-coat have superior re- 
sistance to impact and flex crack- 
ing in service in comparison with 
similar gel-coated, hand lay-up or 
bag-molded panels of equivalent 
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Fig. 3—Effect of tem- 
perature on_ stiffness 
of reinforced polyester 
resin. 


RESILIENT: RESIN 


70 1c 1x 150 ‘ 
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impact cracking resistance. The 
latest data on this subject, how- 
ever, point to the fact that the 
fatigue life of a reinforced plastic 
laminate is influenced by resin 
elongation. Laminates made with 
more flexible resins have longer 
fatigue life with respect to crack- 
ing than do those incorporating 
more brittle resins. 

Fatigue tests have been run 
under constant load and constant 
deflection conditions at stress ap- 
proximating 20 per cent of the 
ultimate flexural strength of the 
most rigid panels. It was found 
that endurance limit is not entire- 
ly proportional to strength but 
that the additional factor of re- 
silience enters the picture. A 
point of interest is that polyester 
resins which give good impact re- 
sistance and higher endurance 
limits tend to absorb more water 
than do the more rigid resins. The 
qualities of impact resistance and 
low water absorption are funda- 
mentally contravening, yet desir- 
able, characteristics of a _ resin, 
just as are the broader character- 
istics of rigidity and resilience. 

As would be expected, tensile 
rigidity must be compromised for 
the sake of impact resistance, Fig. 
2. Material made with resin that 
is very rigid and has a flexural 
modulus of 1.5 million psi at room 
temperature will have falling-bail 
impact resistance of only 6 in. 
That is, at a height greater than 
6 in. a 1%4-lb, 114-in. diameter ball 
dropped on a 0.1-in. thick panel 
supported in a 5-in. diameter 


frame may cause cracking. If 
more resilient resin is used which 
will permit a laminate to pass the 
reverse impact test at 12 in., the 
modulus will drop to about 1.2 mil- 
lion psi. 

Stiffness of reinforced polyester 
is decreased with increasing tem- 
perature, Fig. 3. A typical com- 
position made with rigid resin will 
suffer a modulus drop from about 
1.6 million psi at 72 F to 800,000 
psi at 180 F. One incorporating a 
resilient resin to enable it to meet 
a 12-in. reverse impact require- 
ment will decrease from 1.3 mil- 
lion psi to 500,000 psi. At tem- 
peratures between room tempera- 
ture and 180 F, the more resilient 
material will be at an even greater 
disadvantage. However, because 
reinforced plastic has superior abil- 
ity to damp out and shorten the 
duration of vibration periods, no 
objectionable degree of flexibility 
of a resilient, reinforced polyester 
body has been observed. 

Just as the modulus of rein- 
forced polyester is decreased with 
higher temperatures, low tempera- 
tures will cause the material to be- 
come brittle, thereby offering less 
impact resistance, Fig. 4. Accord- 
ingly, sufficient impact resistance 
is specified to insure adequacy at 
any temperature likely to be en- 
countered in service. 


Bonded Joints: Some of the 
most difficult problems experienced 
in working with plastic panels 
have been basically ascribable to 
bonding practices and bonded joint 


MACHINE DESIGN 





BEARING TIPS by McGill 





To pack more performance in smaller space 


Use space-saving MSGILL GUIDEROL needle bearings 


The McGill GUIDEROL Bearing 
combines the inherent high-load 
capacity of a full complement of 
full race width rollers with a cen- 
ter roller guiding principle that 
limits skewing and binding under 
misalignment. This qualifies the 
bearing for a whole range of ap 
lications that are too heavily 
oaded for a retainer-type bearing 
and are subject to the misalign- 
ment that precludes use of an or- 
dinary needle bearing. For out- 
standing performance in small 
radial space, use GUIDEROL pre- 
cision needle bearings. Specify the 
interchangeable sealed SGR series 
for added protection against ccn- 
tarnination. 


Showing ougticdly how a McGill GUIDEROL 
precision needle bearing permits more streamlined de- 
Signing by supporting comparative loads in signifi- 
cantly smaller radial space than other types of bear- 
ings. Bulky and more costly housing space is easily 
avoided. 








GUIDEROL bearing capacity, space 


economy proved in power shovel 
vertical reversing shaft assembly 


Baldwin - Lima - Hamilton Corp. 
uses a McGill GUIDEROL bear- 
ing, on 14 cubic yard power 























shovels, to carry spur pinion loads 
in the vertical reversing shaft. The 





high capacity of the bearing in 
small radial space *~ an important 
factor in selection of this bearing. 
Only 3.75” in diameter, it has a 
load capacity of 28,560 Ibs. at 100 
rpm. In the power shovel applica- 
tion, it supports 14,150 Ibs. at 76.3 
rpm, which gives a high margin 
of safety. The center guided roll- 
ers also are especially adaptable to 
a vertical application such as this. 


Fact-packed Bearing Catalog 


Write for your copy 
of Catalog #52-A, 
a 128 page Bearing 
Selection Guide. It 
contains vital prod- 
uct information and 
30 pages of en- 
gineering data. 





Multiple spindle drill 
heads require support 
of spindles on very 
close centers 


Crowding a great number of drill 
spindles into a small area, Zagar, 
Inc., of Cleveland has found the 
McGill GUIDEROL bearing con- 
struction especially suited to the 
needs of multiple drill head units. 
The full bearing width rollers pro- 
vide rigidity and more than ade- 
quate load capacity and in a bear- 
ing only 1.25” in bore diameter. 


COSHH ESEH SESH SESE EEEE eeeeeeee eeeeeeseese 
. 


: ® Pa. | 
: Insure performance with MSGILIE MULTIREL" GUIDEROL a 
: Precision Needle Bearings 


McGILL MANUFACTURING COMPANY, INC., 200 N. LAFAYETTE ST., VALPARAISO, INDIANA 
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design. Surface waviness found 
on exterior parts where a flange is 
bonded to the inside surface of 
an outer panel has been particular- 
ly disconcerting. Variations in the 
fit between the two surfaces re- 
sult in varying bond line thickness 
and corresponding differences in 
the amount of resin shrinkage. 


The effect is a rippled appearance 
on the exterior, highly finished 
surface where the shrinkage of the 
polyester-base bond material pulls 
the outer panel into the flange in 
varying amounts. Even though 
this rippling may be only ¢.901-in. 
in height or depth, it is apt to be 
noticeable due to the high-gloss 
finish of the body, especially in 
highlighted areas. Even the use 





IMPACT 
CRACKING 
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inches - 

cropping 
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% 
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Fig. 4—Effect of tem- 
perature on impact 
cracking resistance of 
reinforced _ polyester 
resin. 























Fig. 5—Typical joints 
used in bonding rein- 
forced plastic panels 
together. 





of epoxide resins having very low 
shrinkage characteristics will not 
eliminate this completely if the 
bonded surfaces match poorly. The 
solution is, of course, to control 
dimensional accuracy of mating 
bonded parts closely and to remove 
any excess bonding material which 
is squeezed out of the joint. With 
the application of these bonding 
practices, this problem has been 
surmounted to a considerable de- 
gree. 

Patching over exterior joints 
presents other problems related to 
resin shrinkage. If the patch area 
is large, the volume decrease on 
curing is correspondingly large. 
The mass effect, meanwhile, creates 
high exothermic heat, making the 
patch tend to expand. If the in- 
ternal residual stresses in these 
patches were high enough, the ma- 
terial would crack immediately. In 
this case it would be patched 
again, but there is a slight possi- 
bility that some internally stressed 
but. apparently good joints might 
develop cracks in service after 
comparatively few light load ap- 
plications. To cope with this prob- 
lem, Chevrolet uses low exotherm 
resins exclusively, which are filled 
with materials to absorb some of 
the heat generated on curing and 
to reduce the gross shrinkage. This 
problem can be alleviated further 
by reducing the volume of the 
patch over troublesome joints. 
Patch size is held to a minimum 
by improving dimensional ac- 
curacy and by redesigning to de- 
crease the gaps between mating 
parts. 

These early problems precipi- 
tated an extensive study of joint 
design for reinforced plastic pan- 
els. A program of making and 
testing joints of various types, 
Fig. 5, was undertaken to avert 
any bond fatigue failures. The 
edge lap joint and plain coach 
joint, Fig. 5a and g, respectively, 
have handling advantages in as- 
sembly operation and are the least 
expensive of the types investigat- 
ed. The coach joints, Fig. 5g, h 
and i, provide a natural locating 
surface, and the finishing required 
is minimized. Tests of both static 
and fatigue strength properties 
have established that reinforced 
butt joints, Fig. 5d and f, are su- 
perior to even reinforced coach 
joints under loads simulating ac- 
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2 easy ways 
to drop out 
unwanted detail 


Take your choice of these short cuts whenever stand- 
ard drawings must be modified ...or parts of a 
design must be eliminated. 


1. Reproduce the drawing on Kodagraph Auto- 
positive Paper—you get a positive photographic in- 
termediate directly, with dense black lines on a clean 
white translucent base. Scissor out the unwanted 
detail ... and make another Autopositive Paper 
print. Lots easier than redrafting—and so is the 
alternate method. 
2. Reproduce the drawing on Kodagraph Contact 
Paper, Fine Line. You get a negative with clean open 
lines on a dense black background. Now “opaque 
out” the unwanted detail . . . and reproduce the print 
on Kodagraph Contact Paper, Translucent. 

After either step, you merely add the new design 

. and your print-making “master” is ready. 


EASTMAN KODAK COMPANY 
Graphic Reproduction Division, Rochester 4, N. Y. 


Kodagraph Reproduction Materials 


New booklet lists 
all the short cuts 
possible with 
Kodagraph Repro- 
duction Materials, 
which you, or your 
local blueprinter, 
can process quick- 
ly, at low cost. 
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tual service conditions. Accord- 
ingly, butt joints are specified 
wherever feasible. 

The offset lap joints, Fig. 5b and 
c, have the advantage, like the 
coach joints, of naturally locating 
large panels for assembly. An off- 
set lap variation, Fig. 5e, incorpo- 
rates a flange which provides 
greatly added rigidity in the plane 
of the flange width. The flange 
can also be used as an attachment 
surface for lateral bracing. The 
straight lap style joint, Fig. 5c, is 
used only on interior structural 
parts which will not be seen and 
require no patching. 


Each of these joint types has 
its particular merits relative to 
strength, cost, ease of assembly, 
and finishing. In general, balanced 
rigidity across a joint contributes 
greatly to its strength, and the 
strength of more rigid construc- 
tions is superior. 

All of the tests completed to 
date have shown that static and 
fatigue test results correlate with 
one another for the bonded sec- 
tions investigated. Tests both in 
tension and flexure under static 
and dynamic loading conditions 
have been run. Fatigue loads have 
been established at about 20 per 
cent of the ultimate static bond 
strength (for the weakest joint 


statically) and the joints compared 
at the same load. 

Test data obtained thus far in- 
dicate that the relative bonding 
qualities of resins greatly differing 
in flexibility do not show corre- 
sponding differences either in load 
to failure or fatigue properties. 
Variations in residual stress due 
to curing conditions, however, 
would materially affect any com- 
parison between two or more bond- 
ing materials. 

‘From “Engineers Set Service- 
ability Standards for Reinforced 
Plastic Automobile Bodies” in 
General Motors Engineering Jour- 
nal, October-November-December, 
1956. 





How to use punched tape for 


Precise Automatic Positioning 


By Edward E. Kirkham 


Project Engineer 
Pratt & Whitney Co. Inc. 
West Hartford, Conn. 


+a) 


HE words “numerical control 
in connection with any ma- 
chine tool imply that the machine 
tool can provide the necessary co- 
ordinate axes from which all meas- 
urements will be taken. These axes 
must bear a known mathematical 
relationship to each other. For 
example, if the machine has rec- 
tangular co-ordinates with three 
axes these axes must be straight 
and mutually perpendicular. Any 
deviation from this requirement 
will result in a corresponding er- 
ror in all parts produced on that 
machine using numerical control. 
It is also necessary in a numer- 
ically controlled machine that a 
measuring system of suitable ac- 
curacy be provided. This measur- 
ing system should be one whose 
output can be used to control the 
movement of the machine. 


Tape: The first requirement of 
the control system is a suitable 
method of handling and storing the 
digital data. In conventional card 
handling equipment, once the deck 
has been used, the operator must 
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move it by hand from the stacker 
back to the feed hopper. A suit- 
able card feed mechanism must 
necessarily be extremely accurate 
and smooth so exactly one card 
will be handled at a time without 
damage. On the other hand, the 
mechanism for handling punched 
tape without damage to it can be 
much simpler than that necessary 
for handling cards; also, the tape 
may be automatically rewound. 
For some applications the paper 
may not be sufficiently rugged for 
repeated handling and a plastic 
tape may be substituted. To make 
use of paper as well as plastic 
tapes, density of information on 
the tape should be low so that 
variations in tape size or position 
will not result in reading errors. 
For that reason, a tape wider than 
that usually used in office equip- 
ment may be chosen. 


Tape Reader: There are two dis- 
tinct means of reading the infor- 
mation from a punched record. One 
of these is the dynamic method in 
which a small group of holes is 


sensed at one instant and the in- 
formation so read is stored. The 
tape is run until this buffer stor- 
age unit accumulates a sufficient 
number of digits for the machine 
to accomplish one operation. 

The static reading method, on 
the other hand, eliminates the 
need for buffer storage. The 
punched record is already a stor- 
age medium, and the greatest re- 
liability will be obtained when the 
storage capability of the tape is 
used. The tape is moved into posi- 
tion and stopped; then all the data 
necessary for a single operation 
are read at one time and that data 
presented to the machine contin- 
uously. When the machine oper- 
ation has been completed and 
checked, the tape can then be ad- 
vanced one field or block so that 
new information may be presented. 

One tape reader design uses a 
pneumatic sensing system, Fig. 1. 
Air is forced through holes in the 
tape to an enlarged chamber with 
a neoprene diaphragm providing 
sufficient force to operate a re- 
liable industrial control limit 
switch. 


Tape Punch: Accurate longitu- 
dinal spacing can be provided by 
a tape punch having a moving car- 
riage similar to that used in an 
ordinary typewriter, Fig. 2, so that 
the tape can be clamped just be- 
fore the block signal hole is 
punched and then the numerical 
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Fig. 1—Tape reader using a pneumatic sensing system. 


data inserted in the tape as the 
carriage is spaced along accurate- 
ly by a rack and escapement. 


Measuring System: Many sys- 
tems of measurement were studied 
at Pratt & Whitney in an effort 
to find one which was especially 
suitable for this precise positioning 
system applied to a jig boring ma- 
chine, Fig. 3. The machine tool re- 
quires a total movement along one 
axis of 60 in., and it is necessary 
to be able to set that slide to an 
accuracy of 0.0001-in. If a single 
digital-to-analog converter were to 
be used, it would require an accu- 
racy of one part in 600,000. It was 
decided that a more practical ap- 
proach would be to break the prob- 
lem up into several lower accuracy 
digital-to-analog converters with 
proper bench marks for refining 
the accuracy as the successive set- 
tings are made. 

This philosophy fits well with 
the measuring system which had 
been used for a number of years 
on manually operated jig borers. 
This system uses a measuring bar 
having accurately located magnetic 
lugs at 1-in. intervals combined 
with a micrometer screw for add- 
ing distances less than 1 in. The 
magnetic center lines of these lugs 
can be sensed by an inductance 
bridge circuit with the sensing head 
so positioned that the lugs move 
by it without any mechanical con- 
tact. It is possible to calibrate 
this measuring bar by stoning the 
sides of each lug independently. 
The accuracy is not limited by the 
manufacturing technique; rather 
the accuracy of a given bar can 
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be improved until no measurable 
errors remain. It is then only nec- 
essary to provide a helical potenti- 
ometer geared to the drive screw 
to position the slide to the nearest 
inch in 60 in. Then the sensing 
head can locate the next 1-in. lug 
on the measuring bar, and an ex- 
tremely accurate setting can then 
be made at 1-in. intervals using a 
digital-to-analog converter of com- 
mercial accuracy. 

The arrangement of components 
involved in this numerical control 
system is indicated in Fig. 4. 

To provide additional stopping 
points between lugs on the measur- 
ing bar, the sensing head is moved 
a maximum distance of 1 in. by 
an extremely accurate instrument 
screw. It should be clearly under- 
stood that this screw does not move 
the slide itself, but only the sensing 
head. This micrometer screw has 
been used in the conventional ma- 


Fig. 2—Tape punch with 
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chine for a number of years and 
its reliability is proved. Anyone 
who has manufactured such instru- 
ment screws is familiar with the 
difficulty of providing a screw of 
accurate lead and satisfactory line- 
arity at the same time. Lapping 
the nut to the screw can provide 
linearity but will usually produce 
some error in lead. Pratt & Whit- 
ney has provided means, however, 
for compensating for lead errors 
in the electric control system and 
has made the screw uniform in 
lead to an accuracy of one part 
in 50,000. 


Digital -to- Analog Converters: 
As soon as the automatic or man- 
ual switch calls for a new position, 
the tape is advanced to the next 
block signal hole. The tape stops 
and the pneumatic switches are op- 
erated corresponding to the 
punched holes. The switches for 
the first two digits before the deci- 
mal point connect to appropriate 
taps on an autotransformer to pro- 
duce an analog voltage of magni- 
tude proportional to these digits. 
The autotransformer has a distinct 
advantage over the usual two- 
winding type in that undesired 
phase shifts, caused by leakage re- 
actance in one portion of the wind- 
ing, are offset by identical effects 
in the other portion. If phase shift 
is permitted, an imperfect null will 
result at the balance point. 

The tape is checked for double 
punch and blank column for each 
digit read. Closure of more than 
one contact for a given digit will 


moving carriage which pro- 
vides accurate longitudinal spacing. 
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result in a short circuit on the 
digit transformer which will trip a 
magnetic overload relay. Failure to 
operate at least one switch will 
also cause a short circuit. These 
short-circuit currents are limited 
by a series resistor. 

This analog voltage is fed to a 
discriminator which compares it 
to the voltage fed back from a heli- 
cal potentiometer geared to the ta- 
ble drive screw. The output of this 
discriminator is used to operate 
the multispeed gear box to posi- 
tion the table approximately. 

The two digits immediately fol- 
lowing the decimal point are fed 
into the micrometer screw drive to 
obtain its approximate position. 
This approximate position is made 
exact by means of an additional 
bench-mark system. These bench 
marks are at 0.0100-in. intervals. 

Similarly, the third and fourth 
digits following the decimal point 
are fed into still another digital- 
to-analog converter which provides 
a signal that is compared with a 
feedback potentiometer for setting 
the screw at positions between 
bench marks. 


Drive Control: After the table 
has come to its approximate posi- 
tion and the sensing head has been 
moved to its exact position by the 
micrometer drive, the table is ad- 
vanced at a very low speed until 
the sensing head indicates corre- 
spondence between the measuring 


Fig. 3—Vertical spin- 
die jig boring ma- 
chine equipped for 
punched-tape position- 


bar lug and sensing head. The ta- 
ble is then stopped and the screw 
reversed to release tension. 

Thus, the slide has been posi- 
tioned to the required accuracy of 
one part in 600,000 using three 
individual digital-to-analog  con- 
verters, each requiring an accuracy 
of only one part in 100. 

The direction and velocity of 
final approach is extremely impor- 
tant in making a precise slide set- 
ting. Since there is need for being 
certain that approach direction and 
velocity are always the same, an 
ordinary servomechanism cannot 
be used for positioning a slide to 


high accuracy. The manner of ap- 
proach has been permanently pro- 
grammed into the control system 
so that the machine always makes 
its final setting in the same direc- 
tion and at a series of velocities 
which have been previously estab- 
lished. 

Rotary tables can be controlied 
precisely using an analogous posi- 
tioning system applied to a circu- 
lar slide, Fig. 5. 

From a paper entitled “Precise 
Positioning with Numerical Con- 
trol” presented at the AIEE Con- 
ference on Machine Tools in Cin- 
cinnati, October, 1956. 
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Fig. 4—Schematic of punched tape control system for 
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Fig. 5— Rotary table 
equipped for position- 
ing with numerical 
control. 
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“SWITCH!” 


said Ostuco 
...and savings were surprising ! 


Pleasant surprise, too! Bearings Company of America, 
Division of Federal-Mogul-Bower Bearings, Inc. Lan- 
caster, Pa., was machining Ostuco seamless tubing 

to make a clutch release bearing collar used as 
original and replacement equipment. Results were fine! 


Then word came from Ostuco, recommending a 
switch to Ostuco’s newly developed NP-60, tubing 
specially processed for machineability. Cost was 
slightly higher, but BCA and Ostuco engineers pre- 
dicted the savings would justify the change. 


they switched. . ae walk and they SAVED! 


Specially 
Processed 
Regular NP-60 


Production per 8 hour shift (units) 675 840 
Production time per 1000 units (hours)... 12.35 10.03 
Total Labor per 1000 units (man-hours)... 13.09 10.63 


Besides the savings, Bearings Company of America 

was pleased with the better finish of the new part. 
They point out that the collar in photo above “shows 
the finish as it comes directly off the machine.” 


It happens this way often enough to warrant check- 
ing with Ostuco about your tubing applications and 
production problems. Contact your nearest Ostuco 
Sales Engineer or write direct to the Shelby factory 
—there’s no obligation! OHIO SEAMLESS TUBE DIVISION 
of Copperweld Steel Company * SHELBY, OHIO 


Birthplace of the Seamless Steel Tube Industry in America 


SALES OFFICES: BIRMINGHAM * CHARLOTTE * CHICAGO (Oak Park) 
CLEVELAND * DAYTON * DENVER ®* DETROIT (Ferndale) 

HOUSTON * LOS ANGELES (Beverly Hills) * MOLINE 
NEW YORK © NORTH KANSAS CITY * PHILADELPHIA 


PITTSBURGH * RICHMOND © ROCHESTER * ST. LOUIS 
ST. PAUL * SALT LAKE CITY © SEATTLE * TULSA * WICHITA 
SE ESS D ELECTRIC RESISTANCE CANADA, RAILWAY & POWER ENGR. CORP., LTD. 


WELDED STEEL TUBING—Fabricating and Forging EXPORT: COPPERWELD STEEL INTERNATIONAL COMPANY 
225 Broadway, New York 7, New York 


January 24, 1957 Circle 462 on page 19 
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Polyester Film Adhesives 
Modified synthetic rubber and viny! 
types of adhesives for Mylar poly- 
ester film and a new class of poly- 
ester adhesives for same use are de- 
scribed in bulletin. They have high 
specific adhesion, good clarity and 
color stability, and low color and 
odor. Application data are included. 
8 pages. E. I. du Pont de Nemours 
& Co. 
Circle 581 on page 19 


Valves 
Illustrated brochure S-2021 R de- 
scribes line of precision valves and 
presents technical information. Cir- 
cle Seal Products Co. 
Circle 582 on page 19 


Case Conveyor Chain 


Capable of flexing in two direc- ' 


tions, 9250 case conveyor chain de- 
scribed in bulletin 56-73 is for han- 
dling cartons, cases, crates and cans. 
It flexes laterally to a radius of as 
little as 12 in., has a broad, flat 
carrying surface and will fit stand- 
ard 2-in. cracks. 4 pages. Chain Belt 
Co 


Circle 583 on page 19 


Terminal Blocks & Kits 
Selector chart on terminal blocks 
and terminal block kits found in con- 
densed catalog 556 quickly shows the 
best block for each application. Tech- 
nical descriptions, specifications and 
prices are included for a variety of 
terminal types. 8 pages. Curtis De- 
velopment & Mfg. Co. 
Circle 584 on page 19 


Thermocouples 

Construction and application of 
thermocouples and radiation detect- 
ors used on industrial control appli- 
cations are discussed in illustrated 


bulletin F-5228-3. How to check, 
make and select thermocouples is re- 
lated. 40 pages. Barber-Colman Co., 
Wheelco Instruments Div. 

Circle 585 on page 19 


Strain Gages 

Flat grid, fine pitch Bakelite SR-4 
strain gages, said to he superior re- 
placements for small sizes of wrap- 
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around gages, are among new prod- 
ucts described in supplemental price 
list. Other new products are self- 
compensated gages, high tempera- 
ture and room temperature foil 
gages, and several special cement 
kits. Baldwin-Lima-Hamilton Corp. 
Circle 586 on page 19 


Thermostats 
Hermetically sealed and semien- 
closed Stemco type C thermostats for 
controlling low wattage electrical cir- 
cuits are detailed in bulletin 5000. 
Operating temperatures range from 
—10 to 300° F. Electrical rating is 
up to 3 amp on 125-v ac. 2 pages. 
Stevens Mfg. Co. 
Circle 587 on page 19 


Mechanical Force Gages 
Usable for measuring both tension 
and compression loads up to 200 Ib, 
mechanical force gages are accurate 
instruments for all types of testing 
and calibrating work. Available ca- 
pacities and typical uses are covered 
in bulletin 750c. 6 pages. Hunter 

Spring Co., Apparatus Div. 
Circle 588 on page 19 


Washers 
Dimensions, prices and available 
finishes are but a few of the data 
contained in catalog 54 on standard 
and special-purpose washers. Listed 
is proposed American Standard for 
apparatus and plain washers. 8 pages. 
Joliet Wrought Washer Co. 
Circle 589 on page 19 


Small Motors & Counters 
Fractional-horsepower shaded-pole 
motors, equipped with gear reducers 
and producing output sveeds up to 
100 rpm, are designed for operation 
on voltages from 6 to 240 v ac. 
Torques range to 1/30-hp. Illustrated 
bulletin also describes counters which 
can be driven by these motors. 12 
pages. Electro-Counter & Motor Co. 
Circle 590 on page 19 


Silicone Lubricants 

Silicone lubricants help solve lubri- 
cating problems involving high tem- 
perature and oxidation. These stable 
lubricants combine high flash points, 
low freeze points and relatively con- 


stant viscosity. Complete application 
information is given in bulictin 6-101. 
8 pages. Dow Corning Corp. 

Circle 591 on page 19 


Airborne Switches 
“Enclosed Switches for Airborne 
Equipment” is title of catalog 77 
which shows contact arrangements, 
and lists characteristics and electri- 
cal ratings for all types of cam, lever, 
button, toggle and other actuated 
types of controls. All are protected 
from physical damage and sealed 
against dirt and moisture. 24 pages. 
Minneapolis-Honeywell Regulator Co., 

Micro Switch Div. 
Circle 592 on page 19 


Ball Bearings 
Dimensional and series indexes; 
visual guide to bearing types, char- 
acteristics and applications; and a 
separate index to selection and en- 
gineering data are contained in the 
Barden precision ball bearing cata- 
log. Cutaways and cross-sections are 
included, along with many data in 
chart and table form, 64 pages. Bar- 
den Corp. 
Circle 593 on page 19 


Rotary Gang Slitters 
Illustrated bulletin 569 on “Slit- 
ting Lines” includes pictures of slit- 
ting operations as well as tables of 
cutting capacities and machine speci- 
fications. Both sheet and coil slitting 
methods are summarized. 16 pages 
Stanat Mfg. Co. 
Circle 594 on page 19 


Stainless Bar & Wire 
Standard and special grades of 
stainless steel bar and wire for fab- 
rication into all types of products is 
covered in bulletin P.0.2856. 4 pages 
Armco Steel Corp. 
Circle 595 on page 19 


Electrical Controls 

What it is, how it works, what’s 
available and where to use informa- 
tion is content of bulletin GEA-6372 
entitled “General Purpose Control 
Operation and Application Manual.” 
Data are given on starters, pushbut- 
tons, relays, limit switches, solenoids, 
pressure and vacuum switches, float 


MACHINE DESIGN 











Se veveeee ft #2 trem ‘i i- ‘me serene 


aM 
}- — 


creimose 14, 


eS St, beef 11. 


CENS-seisibi a a + eieane € 


FREE SEND FOR THE "LOGAN CALCULATOR" 


A gift to you from Logansport Machine 
Company upon request. 


MEMBER: Natl. Mach. Tool Builders 
Assn.; Natl. Fluid Power Assn. 


January 24, 1957 


Illustrated—New 9700 Series 
Piggy Back Hydraulic Control Valve. 


LOGANSPORT MACHINE CO., INC. 
811 CENTER AVENUE, LOGANSPORT, INDIANA 


PLEASE SEND COPY OF CATALOG: 
( 100-1 AIR CYLINDERS 0 62 SURE-FLOW PUMPS 
() 100-2 MILL-TYPE AIR CYLS. C0 200-1 HYD. POWER UNITS 
[] 100-3 AIR-DRAULIC CYLS. (CD 200-2 ROTOCAST HYD. 
0) 100-4 AIR VALVES sien aaa 
0 100-5 LOGANSOUARE a CYLINDERS 
(C0 200-4 and 200-7 HYD. VALVES 
(CO 200-6 SUPER-MATIC CYLS. 
C) 51 PRESSES 0 70-1 CHUCKS 
CO FACTS OF LIFE [1 ABC BOOKLET 

(1 CIRCUIT RIDER 


C) 100-5-1 ULTRAMATION 
CYLINDERS 


TO: 

NAME 
COMPANY - 
ADDRESS 


Circle 463 on page 1¢ 
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switches and pressure governor. 32 
pages. General Electric Co., General 
Purpose Control Dept. 

Circle 596 on page 19 


Silicone Products 
“1957 Reference Guide to Dow 
Corning Silicones” briefly describes 
and gives properties of almost 150 
silicones which offer solutions to dif- 
ficult design, production and mainte- 
nance problems. Types include ad- 
hesives, dielectrics, defoamers, release 
agents, tapes, gums, protective coat- 
ings, water repellents and molding 
compounds. 12 pages. Dow Corning 
Corp. 
Circle 597 on page 19 


Wire Rope 
Properties of PREmium Whyte 
Strand plow steel wire rope are sub- 
ject of bulletin 5685. Shown are uses 
of braided and single wire rope slings 
in construction and materials han- 
dling. 4 pages. Macwhyte Co. 
Circle 598 on page 19 


Propellant Valves 
Details of a complete series of 
high pressure, linked, multiline pro- 
pellant valves for control of fuel- 
oxidizer flow in airborne or ground 
installations are presented in Tech 
Bulletin 24. 4 pages. Hydromatics, 
Inc. 
Circle 599 on page 19 


Fluorescent Lamps 
Features of the new VHO (Very 
High Output) fluorescent lamps 
which reportedly produce double the 
light output of equivalent size Rapid 
Start lamps are related in bulletin 
F'L-579. Lamps are usable in indoor 
and outdoor fixtures. 4 pages. Syl- 
vania Electric Products Inc. 
Circle 600 on page 19 


Laminated Shims 
Technical data for laminated shims 
of brass, mild steel, stainless steel 
and aluminum are updated to cur- 
rent design and installation require- 
ments in illustrated catalog. Also 
itemized are sizes and prices of cup 
shims of solid brass to fit standard 
tapered roller bearings of all sizes. 
8 pages. Laminated Shim Co. 
Circle 601 on page 19 


Fluid Drives 


Low starting current, overload 
protection, smooth starting, shock 
absorption, rapid cycling and con- 
trolled acceleration are advantages of 
Gyrol fluid drives described in bulletin 
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9119. Designed for constant speed, 
hard-to-motor jobs, these drives are 
offered in % to 25-hp ratings. 16 
pages. American Blower Corp., Hy- 
draulic Coupling Div. 

Circle 602 on page 19 


Hydraulic Check Valve 
Engineered for aircraft service, 
series 5900 rotary controllable check 
valves operate at pressures to 3000 
psi. They conform to military speci- 
fications and are available in 4, % 
and %-in. tube sizes. Full informa- 
tion is given in bulletin 5900. 2 pages. 
Aircraft Products Co. 
Circle 603 on page 19 


Positive Displacement Pumps 
Engineering and selection guidance 
on complete line of model R auto- 
matic reversing pumps is afforded 
by catalog 105. Suitable for lubrica- 
tion, hydraulic power, coolant and 
circulating service, pumps are made 
in range of types and capacities. 
Charts and tables give performance 


; data. 12 peges. Tuthill Pump Co. 


Circle 604 on page 19 


Bearings, Hangers & Collars 
Power transmission equipment de- 
scribed in bulletin 2028 includes Pio- 
neer steel shaft hangers, hanger 
bearings, split journal bearings, pil- 
low blocks, and solid and split cast 
iron collars. Dimensions are given. 4 
pages. Standard Pressed Steel Co. 
Circle 605 on page 19 


Boss Fittings 
Line of SAE Boss fittings and O- 
ring adapters is described in illus- 
trated catalog. Sizes and styles are 
available to suit every need. 12 
pages. Anchor Coupling Co. 
Circle 606 on page 19 


Throwaway Cutting Inserts 
New Met high-velocity cutting ma- 
terial has been developed to cut most 
metals at speeds in excess of 1000 
fpm. Performance data are listed for 
several typical jobs involving vari- 
ous difficult-to-machine materials in 
illustrated bulletin. 4 pages. New- 
comer Products, Inc. 
Circle 607 on page 19 


Hydraulic Thrust Unit 

Powerful hydraulic output thrust 
or torque is developed from low-level 
electrical input signals from various 
sensing elements by the Askania 
Electrojet, an electrohydraulic unit. 
Applications include positioning 
servos, floating control systems and 
similar operations. Details are given 


in bulletin 38.1. 16 pages. Askania 
Regulator Co. 
Circle 608 on page 19 


Reproduction Materials 
Eight new products are among 
photographic reproduction materials 
for drawings described in catalog K. 
Included are silver-sensitized papers, 
vellums, films and tracing cloths for 
making negatives, prints and posi- 
tive-to-positive prints. Data on se- 
lecting materials are included. 16 
pages. Grant Photo Products, Inc. 
Circle 609 on page 19 


Coolant Filters 
Description of Delpark self-clean- 
ing, continuous automatic coolant 
filters for use on Landis precision 
grinders is found in illustrated fold- 
er. Operation of the devices is de- 
tailed. + pages. Industrial Filtra- 
tion Co. 
Circle 610 on page 19 


Stampings & Moldings 
Examples of economically pro- 
duced short-run metal stampings and 
plastic moldings are shown in bulle- 
tin F-225. Also covered are pneu- 
matic press die cushions, drawn shell 
trimmer, overload pitman, spacing 
collars and layout fluid. 12 pages. 

Dayton Rogers Mfg. Co. 
Circle 611 on page 19 


Wire Connectors 
Factual information on field uses 
of pres-SURE-connectors as used for 
solderless wire splicing and terminat- 
ing is content of illustrated pocket- 
size booklet. 40 pages. Buchanan 
Electrical Products Corp. 
Circle 612 on page 19 


Weldments 
How weldment problems on units 
weighing up to 25 tons are solved by 
techniques employed by this com- 
pany are outlined in illustrated fold- 
er. 4 pages. H. F. Butler, Inc. 
Circle 613 on page 19 


Magnetic Laminations 
Supplement to magnetic lamina- 
tions catalog ML-201 gives physical 
lamination constants and core stack 
design factors for new high perme- 
ability laminations. 4 pages. Mag- 
netics, Inc. 
Circle 614 on page 19 


Die Casting 
“Die Casting—Molten Metal to 
Finished Part—Direct” is an _ illus- 
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COMPLETE LINE 
SAFETY — 
SWITCHES 


to meet the 


NEW NEMA | 
STANDARDS 


e The table below shows Square D 
switches meeting new industry specifi- 
cations. Notice how they clarify conflict- 
ing features which existed under old 
designations. Notice, too, that they es- 
tablish a new, heavy-duty industrial 
switch, Type HD. 

One important thing which remains 
unchanged is the DESIGN LEADERSHIP 
which has made SQUARE D SAFETY 
SWITCHES industry's overwhelming 
FIRST choice for more than fifty years. 
Compare them, feature for feature. 
They cost no more, why settle for less? 


HEAVY DUTY NORMAL DUTY 
New | formerly Types H, S, or A 


30— 1200 
250 or 600V AC, DC 


LIGHT DUTY 


DESCRIPTION formerly Types D or G. 


Rating-Ampere 30—600 
Voltage 250 or 600V AC, DC 
NEMA 12 .- Industrial Use 


(Gasketed) 
NEMA 4 & 5 + Water-tight & 





Enclosure 


Dust-tight 

NEMA 7. Explosion-resisting 
Class |—Group D 

NEMA 9 - Explosion-resisting 


NEMA 1. General Purpose 
NEMA 3R - Raintight 


NEMA 1 - General Purpose 
NEMA 3R - Raintight 





Horsepower 
Rating 


NEC Fuse Ratings 
Dual-Elemert Fuse Ratings 


NEC Fuse Rating 
Oual-Element Fuse Ratings 


NEC Fuse Rating 





Operating 
Mechanism 


Quick-Make, Quick-Break 
Independent of Handle 


Quick-Make, Quick-Break 
Independent of Handle 


Positive Make, Positive Break 
Spring Assisted 





Cover 


interlocked & Paalock 
Attachment 


interlocked & Padlock 
Attachment 


Padiock Attachment 





Plating—Current 
Parts 


Extra-Heavy Silver 


Silver 





Endurance 








Maximum Endurance 
Far Exceeds UL Standards 





Exceeds UL Standards 





Meets UL Standards 








now...EC&M propucts ARE A PART OF THE SQUARE D LINE! 


SQUARE J) COMPANY 
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trated booklet which discusses this 
production method as it affects 
product design, machining require- 
ments and surface finish. Basic 
steps, dies and production machines, 
various alloys and typical products 
are covered. 28 pages. American 
Zinc Institute, Inc. 

Circle 615 on page 19 


Steel Tube Fittings 
Engineering data on 7000 and 8000 
series Ermeto flareless and Flare- 
Twin SAE 37-degree flare (JIC) hy- 
draulic tube fittings are found in 
steel tube fittings catalog. Specifica- 
tions, assembly instructions and 
other data are included. 48 pages. 
Weatherhead Co., Fort Wayne Div. 
Circle 616 on page 19 


Ultrasonic Brazing 
Sonobraze ultrasonic equipment for 
fluxless brazing and for metal coat- 
ing is described and illustrated in 
bulletin SBR-6A. Its operation and 
advantages are outlined. 4 pages. 
Aeroprojects Inc. 
Circle 617 on page 19 


Phosphor Bronze 


Physical characteristics, process- 
ing and applications of high toler- 
ance phosphor bronze in thicknesses 
as low as 0.0005-in., +0.0001-in. are 
contained in data sheets. Material 
has high strength, long fatigue life, 
good electrical conductivity, good 
corrosion resistance. 4 pages. Amer- 
ican Silver Co. 

Circle €18 on page 19 


Foam Polyethylene 
Gasketing, linings, insulation and 
cores are among uses for Agilene-F, 
an expanded foam polyethylene de- 
scribed in catalog sheet. Its com- 
position and chemical resistance are 
detailed. American Agile Corp. 
Circle 619 on page 19 


Unit Heaters 
Specifications, operating charac- 
teristics, installation and application 
data, piping diagrams, ductwork 
suggestions, sound ratings and wir- 
ing diagrams are among information 
on Venturafin unit heaters contained 
in vest pocket handbook. 64 pages. 
American Blower Corp. 
Circle 62G on page 19 


Flexible Couplings 

Shock absorbing roller chain flex- 
ible couplings which are quickly as- 
sembled or disassembled to shafts 
are subject of catalog CP1-56. En- 
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gineering data and ratings for types 
and sizes offered are included. 8 
pages. Acme Chain Corp. 

Circle 621 on page 19 


Panel Meters 
Available ranges and prices for 
voltmeters, milliammeters, microam- 
meters, ammeters, wattmeters, ac 
voltmeters, dc galvanometers, rf am- 
meters, volume level indicators and 
other instruments are included in 
illustrated bulletin 2057. Shunts and 
current transformers are also cov- 
ered. 6 pages. Simpson Electric Co. 
Cicrle 622 on page 19 


Teflon Equipment 
Tefion as it applied to company’s 
equipment is described and its prop- 
erties given in bulletin T-50. Prod- 
ucts include thin and heavy-walled 
tubing and rod, steel pipe lining, in- 
sulated wire, machine parts and 
sheet. 4 pages. Haveg Industries, 
Inc., Halocarbon Div. 
Circle 623 on page 19 


Hook-Up Wires 
Series of single conductor, 600-v, 
high temperature, aircraft hook-up 
wires, designed to meet military 
specifications, are described in bulle- 
tin 1906. Sizes from 22 to 12 gage 
have —68 to 410° F operating range. 
2 pages. Revere Corp. of America. 
Circle 624 on page 19 


Pressure Transmitter 

Style H electric low differential 
pressure transmitter with ranges of 
0 to 2, 4, 6, 8 and 10 in. of water and 
working presure of 50 psi is de- 
scribed in bulletin 501. Illustrations 
show construction and _ operation. 
Burgess-Manning Co., Penn Instru- 
ments Div. 


Circle 625 on page 19 


Galvanometers 
Type 7-300 galvanometers find 
time-correlation between electrical 
signals, measure amplitude and dura- 
tion of minute signals, test aircraft, 
industrial or power generating equip- 
ment and determine long-term or 
transient load forces. Bulletin 1528 
describes these meters. 12 pages. 
Consolidated Electrodynamics Corp. 
Circle 626 on page 19 


Thermocouple Components 
Specification folder S005-1 on 
QuikK-Konnect thermocouple compo- 
nents describes system of connectors 
for thermocouples and lead wires. 


Plugs and jacks, jack panel, adapters 
and cable clamps are covered. 4 
pages. Minneapolis-Honeywell Reg- 
ulator Co., Industrial Div. 

Circle 627 on page 19 


Potentiometers 
Improved operating characteristics 
of Beckman/Helipot series B potenti- 
ometers are listed in data sheet 54- 
18. They have more favorable values 
for linearity tolerances above 999 
ohms. 2 pages. Helipot Corp. 
Circle 628 on page 19 


Built-In Coolant Filters 
Norton type CM-1 heavy duty 
semiautomatic multiwheel grinder 
vhich features an automatic self- 
cleaning continuous filter built into 
its base is subject of illustrated bul- 
letin. Filter operation is outlined. 
4 pages. Industrial Filtration Co. 
Circle 629 on page 19 


Powdered Metal Parts 
Comprehensive brochure points up 
cost and performance advantages of 
powdered metal parts. Featured is 
a general guide for brazing, welding, 
soldering, peening, riveting, machin- 
ing and other secondary operations. 
12 pages. Lux Clock Mfg. Co., Pow- 

dered Metal Parts Div. 
Circle 630 on page 19 


Thermostats 
Stemco type B thermostats for 
table appliances and tip-over safety 
switches are descrribed and _ illus- 
trated in bulletin 9000. Ratings, 
specs and dimensional sketches are 
included. 2 pages. Stevens Mfg. Co. 
Circle 631 on page 19 


Time Delay Relays 
Two bulletins, TD404 and TD405, 
respectively describe surface mount- 
ing and flush mounting types of dial 
adjustable time delay relays. Timers, 
used for frequent changes in time 
setting, come in ac, de and 400-cycle 
types. 2 pages each. A. W. Haydon 
Co. 
Circle 632 on page 19 


Steel Springs 
Technical data provided in bulle- 
tin RS-2 on production of hot and 
cold-wound steel springs includes 
formulas and specifications for hel- 
ical extension springs and volute 
and Belleville disk springs. Design 
recommendations and physical prop- 
erties are given. 16 pages. Alco 

Products, Inc. 
Circle 633 on page 19 
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“Nobody puts a fine painting in a dime-store frame.” 
When you see a piece of construction equipment with 
Vickers Hydraulics, you know it is a “quality” machine 


throughout. a 

Vickers provides all the inherent advantages of 
hydraulics and MUCH MORE: (1) the benefits of a ICKE RS. H Y 3 R A u L i . 5 
nation-wide and full-time field engineering and service 


organization of unequalled experience; (2) a complete means re  @ | U A LJ T y 79 


line of equipment enables Vickers to take UNDI- 


VIDED syst ibility th liminati y risk 
of caahiien of eden ‘cdbeaiding tl Cc re] WN Ss T 4 U Cc 7 i Oo i | 


hydraulics school for free training of customers’ main- 


tenance personnel. 
SEE VICKERS HYDRAULICS IN SIMULATED ACTION E Q U I ad M E N T 


IN BOOTH 219 AT THE ROAD SHOW, JANUARY 28 
TO FEBRUARY 2, AT INTERNATIONAL AMPHITHEATRE, 
CHICAGO. 





Motor grader uses Vickers Hydraulics for: 
@ maximum blade utility 
@ accurate and effortless tool 
adjustment 
© positioning scarifier 
© convenience of control to operator 


all 
a © Hydraulic motor (not shown) rotates blade 
Wt, on circle. Hydraulic power steering is 
( separate circuit. Central hydraulic system 


is applicabie. 






























































4 Scraper has VARIABLE rate hydraulic 
power steering provided by: 

e Vickers Double Vane Pump 

e Vickers Metering Control Valve 

e Vickers Circuit-Splitting Unloading 

System 

e Vickers Overload Relief Protection 
Vickers Single Vane Pump supplies * 
power for: 

e Fast actuation of bowl 

e Fast apron manipulation 

e Fast—Positive ejector action 
More Work—Less Time—Minimum Maintenance. 

















Vickers Hydraulics provides fast lifting and angling > 
of bulldozer blade along with exclusive ‘feathering’ 
ability. Additional tractor attachments added later 

be hydraulically controlled by simply adding 
sections to existing contro! valve thus eliminating 
necessity of mounting separate valves. 


























Fast, easy and dependable operation of front end 
loader utilizes Vickers Balanced Vane Pump (with 
inherent automatic wear compensation) and Vickers 
Two-Section Directional Contro! Valve. Note simplicity 
of installation. 











VICKERS INCORPORATED 
SEE VICKERS BOOTH 219 DIVISION OF SPERRY RAND CORPORATION 
A. R.B. A. ROAD SHOW - JAN. 28-FEB. 2 ADMINISTRATIVE and ENGINEERING CENTER 


DE : 
INTERNATIONAL AMPHITHEATRE, CHICAGO PARTMENT 1430 ¢ DETROIT 32, MICH 


Application Offices: « ATLANTA + CHICAGO + CINCINNATI + CLEVELAND + DETROIT + GRAND RAPIDS + HOUSTON + LOS ANGELES AREA (EI Segundo) 
MINNEAPOUS + NEW YORK AREA (Summit, N.) PHILADELPHIA AREA (Media) * PITTSBURGH AREA (Mi. Lebanon) * PORTLAND, ORE. » ROCHESTER » ROCKFORD 
SAN FRANCISCO AREA (Berkeley) > SEATTLE + ST. LOUIS + TULSA + WASHINGTON « WORCESTER 
CANADA: Vickers-Sperry of Canada, Lid., Toronto 7695 


ENGINEERS AND BUILDERS OF O!FL HYDRAULIC EQUIPMENT SINCE 1921 


January 24, 1957 Circle 465 on page 19 











Use Yellow Card, page 19, to obtain more information 








Stacking Switches 


permit multiple switching 
with single actuation 


Precision stacking of Class 1 Tyni- 
Switches allows a single actuator 
switch to control two or more in- 
dependent circuits with resulting 
space savings. Each individual 
switch action can be double-throw, 
single-throw normally open, or 


& 


single-throw normally closed. 
Maximum pin movement from first 
contact to actuation of all con- 
tacts is 0.015-in. Type B switches 
are rated 15 amps at 125 or 250 
vac, % hp. Type D switches are 
rated at 10 amps, 125 or 250 v ac. 
Detroit Controls Corp., TyniSwitch 
Dept., 800 Union Ave., Bridge- 
port, Conn. 

Circle 634 on page 19 


Corrosionproof Pump 


handles difficult 
fluids to 300 F 


Corrosive fluids are in contact with 
fluorocarbon materials only in a 
new pump, enabling it to pump ex- 
tremely corrosive fluids at tem- 
peratures to 300 F. Shaft seals 
and stuffing boxes are eliminated 
and fluids or slurries are isolated 
in a passage formed by outer sur- 
face of Kel-F liner and inner sur- 
face of Teflon or Kel-F body block. 
Operation of the pump is by eccen- 
tric shaft and rotor assembly ro- 
tating within the liner and pro- 


130 


gressively pushing the fluid around 
its outer surface. Pump will han- 
dle strong oxidizing acids, min- 
eral acids, alkalies, aliphatic sol- 
vents, and chlorinated solvents, 


fuels, hydraulic fluids and red fum- 
ing nitric acid. Models are avail- 
able with capacities to 20 gpm. 
Vanton Pump and Equipment 
Corp., 201 Sweetland Ave., Hill- 
side, N. J. 

Circle 635 on page 19 


Computing Relay 


performs any one of 
six arithmetic functions 


Model 56-1 universal pneumatic 
computing relay can be adjusted 
to perform any one of six differ- 
ent arithmetic functions. Measure- 
ments are received by the relay as 
pneumatic signals (3-15 psi); out- 
put is also in terms of a pneu- 
matic pressure. Relay operates on 
force-balance principle, with four 


bellows positioning a floating disk 
that acts as flapper of a flapper- 
nozzle detector. Pressures in bel- 


lows establish position of disk in 
relation to nozzle. Resulting pres- 
sure change in feedback bellows 
maintains balance position of disk. 
Manifold has connections to bel- 
lows so measurement signals are 
received and computed according 
to desired equation. Applications 
include fuel-air flow ratioing, boil- 
er swell compensation and flow 
totalizing on multiple lines. Fox- 
boro Co., Foxboro, Mass. 

Circle 636 on page 19 


Air Heater 


produces air volume 
of 50 cfm at 300 F 


Designed for continuous duty, this 
blower unit electrically heats air 
to accelerate drying processes and 
for localized heating. Air tem- 
perature at nozzle is 300 F and air 
volume produced is 50 cfm. Air 
velocity is 2000 fpm; heat input is 


b a 
3400 Btu. Unit operates on 115 v, 
60 cycle ac at 1000 w. Master Ap- 
pliance Mfg. Co., Dept. 7, 536 
Fourth St., Racine, Wis. 

Circle 637 on page 19 


Mercury Relays 


115-v unit handles 
6900-w loads 


Single-pole, single-throw normally 
open EME-1 and HDL-1 mercury 
plunger relays, for use in lighting 
controls, panelboards, ovens, mold- 
ing machinery and furnaces, safely 


MACHINE DESIGN 








Bob Rossi, Chief Engineer, tells 
Roy Johnson, Plant Manager 


Pst? 


“We switched to : 


“ 


.032” gage 70-30 Formbrite 
is used for this 442” diame- 
ter rearview mirror head 
shown full size. Strip is 
5'%2" wide supplied in 
heavy coils for long press 
runs. Copper, nickel and 
chromium plating on a solid 
brass base provides a 
bright, rustless, long-lasting 
outdoor finish. 


Peerless Rearview Mirrors. 
“Flight-Wing,” below, and 
the newer “Director” model, 
left. H gs and 
are chromium-plated zinc- 
base die castings. 


me 





~~ This easy-to-polish, superfine-grain drawing brass 


has been slashing finishing costs in plant after plant, 
on all kinds of jobs. Now Peerless Accessories Co., 
of Mount Holly, N. J., reports: 

“To our line of lighting and safety automotive 
accessories, we've recently added two rearview 
mirror assemblies. We had been using regular draw- 
ing brass for the dished head until your representa- 
tive persuaded us to try Formbrite. Here are the 
results, based on a very careful cost study: 

Present procedure 
using Formbrite® 


Finishing procedure using 
regular drawing brass 


Not necessary with Formbrite 
Light buff 
Copper strike 
Bright nickel plate (.0003’)* 
Not necessary 
Chromium plate 

Cost 15¢ each 


1) Grease grinding or “cutting” 
2) Buffing 
3) Copper strike 
4) Nickel plate (.00045”) 
5) Buffing nickel 
6) Chromium plate 
Cost 27¢ each 


“That's a saving of 12 cents apiece. Multiply it by 
3,000 to 4,000 a day and it becomes important money!” 


*Formbrite's superfine grain made possible a lighter 
but equally serviceable plate of bright nickel 


Surprisingly, Formbrite doesn’t cost a penny more. 
Find out for yourself how its superfine grain, excel- 
lent drawing properties, strength, and scratch resist- 
ance can help you make a better product at lower 
cost. Write for Publication B-39. Better yet, ask us 
about a sample lot. The American Brass Company, 
Waterbury 20, Conn. In Canada: Anaconda Ameri- 
can Brass Ltd., New Toronto, Ontario. sero 


FINE-GRAIN DRAWING BRASS 


on ANACONDA’ product 


made by The American Brass Company 


Circle 466 on page 19 
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AS SEMBLY 


the technical know-how 
to “engineer”? more speed 
and profit into your 


assembling operations. 


@ The signal success of DPS trained engi- 
neers in adapting power equipment to the 
individual feeding and assembling needs 
of industrial plants everywhere is assur- 
ance that they can likewise solve your 
special problems. In our broad line of 


SELECTIVE PARTS FEEDERS 
POWER SCREWDRIVERS 


SPECIAL ASSEMBLING MACHINES | 


equipment can be selected, and custom 


features incorporated, to fit your require- 
ments. Plan now to use DPS modern 
assembling methods. Tell us your set-up. 
Write for catalog and further details. 


BOWL FEEDER 
Electrical vibratory type to feed 
parts that cannot be tumbled. 


BARREL FEEDER 


heavy-duty production, 


POWER 
SCREWDRIVERS 
An extensive, versatile 
line in both bench and 
pedestal types. 





with stationary ring cover for 


BARREL 

FEEDER 
Popular motorized type, for 
parts requiring critical 
selection. 


& CREWDRIVER CoO. 


2801-A Ww. FORT STREET 


132 


DETROIT 16, MICHIGAN 


Circle 467 on page 19 
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carry tungsten surge currents of 
up to ten times steady state cur- 
rent without failure, flicker or 
sticking. Hermetically sealed units 
have mercury-to-mercury contact 
design and are UL approved for 
tungsten lamp loads of either 4000 
or 6900 w at 115 v, 50/60 cycles. 
Relays provide stable contact re- 


sistance of approximately 0.001- 
ohm, are recommended for a maxi- 
mum of 60 complete operations 
per minute. Terminal connections 
are in front for ease of installa- 
tion. Moisture-resistant cotton in- 
terweave coils are available in 
various stock voltages or are made 
to meet specifications. Weight of 
the relays is 14 and 16 oz. Ebert 
Electronics Corp., 212-26 Jamaica 
Ave., Queens Village 28, N. Y. 
Circle 638 on page 19 


Pneumatic Valve 


four-way unit 
for 250-psi service 


This 114 in. four-way valve, for 
use where positive shut-off is im- 
portant, incorporates a pressure- 


balanced, self-aligning tubular 
sealing ring in contact with an op- 
tically flat porting disk contain- 
ing a flow passage. Square ex- 


MACHINE DESIGN 








These intricate, close-tolerance collets weigh less than 

10 pounds —are worth nearly $800 each. The manufacturer 
states: “Our experience with various collet steels 

proves Crucible collet steel to be superior for flexibility 
and ability to hold its shape during heat treatment.” 


for minimum distortion after heat treatment 


These collets are used in machining the anchoring 
end of jet engine turbine blades, while locating the 
part from reference points on the airfoil section of 
the blade. It’s a job that demands a steel which will 
not distort during heat treatment. The collet head 
is heated to Rockwell 58-60 C—the body tempered 
to 35-38 C. 

The steel used is a special Crucible non-warping 
alloy collet grade. The collet manufacturer, Balas 
Collet Mfg. Co., Cleveland, Ohio, reports: The 
extreme accuracy built into these collets while they 
are stili in the soft state shows less than .0005” dis- 


tortion on any dimension after heat treatment. 

Crucible collet steel was developed specifically for 
spring collets—or any parts with rigid requirements 
of excellent machinability and high attainable hard- 
ness. Other properties— in almost limitless combina- 
tion—can be had in other Crucible alloy grades. To 
see what information is available on these alloy 
steels—or any Crucible special steel— get your copy 
of the Crucible Publication Catalog. Write Crucible 
Steel Company of America, The Oliver Building, 
Mellon Square, Pittsburgh 22, Pa. 





| C 8 U C | 8 LE| first name in special purpose steels 





Crucible Steel Company of America 


January 24, 1957 
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DEPENDABLE 
men -3-ahev Gankel. 


to 30.000 P SLE. 








' MANZEL LUBRICATORS assure positive 
force feed lubrication for the protection: of 
your valuable machinery. There's a 
model just right for your needs. Our field 


engineers are available for consultation 


: Co” NY 3 ¥. i é 
WRITE FOR G 5 = Pi x Fee 
COMPLETE 4 , }@ 
CATALOG IN 4 le 


ee 





[ LUBRICATORS CHEMICAL FEEDERS 


SLURRY PUMPS } 





276 BABCOCK STREET - BUFFALO 10, NEW YORK 
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Circle 469 on page 19 


New Parts 


ternal corner of the sealing ring 
wipes the rotor clean so that dirt 
cannot enter between sealing sur- 
faces to cause scoring and destroy 
sealing qualities. With each ac- 
tuation the seals lap themselves to 
a more perfect seal; the small 
amount lapped away after long 
service is taken up by a back-up 
spring. Valve is for use in zero 
to 250-psi service. Noncorrosive 
materials are used for all valve 
parts; sealing ring, shaft and de- 
tent ball are stainless steel. Valve 
body and housing are aluminum. 
Barksdale Valves, 5125 Alcoa Ave., 
Los Angeles 58, Calif. 

Circle 639 on page 19 


Synchronous Motor 
for high-temperature timers 


This synchronous motor has ap- 
plications in timers subjected to 
temperatures to 150 F, as in 
ranges, washers and dryers, ani- 
mated displays, packaging and 
plastics molding machinery. It can 
also be used in timers incorporated 
in diesel generators, jet aircraft 
ignition systems, printing machin- 
ery and circuit breakers. Bear- 
ings require no lubrication. Round- 
ed ends of rotor shaft ride in cup- 
shaped bearings, with a spider 
spring mount taking up end play 
on pivots. Shaft vibration is elimi- 
nated. First pinion is cut integral- 
ly with rotor shaft. Small pitch 
diameter permits low fpm speed 
and slower speed of gear reduction 
unit. Lux Clock Mfg. Co., 95 
Johnson St., Waterbury, Conn. 
Circle 640 on page 19 


Miniature Tube Clamps 


provide rigid mount to 
withstand severe vibration 


These miniature clamps, desig- 
nated 6A-4 and 6A-5 Kool Klamps, 
have integral sockets built into a 
rigid socket mount. They offer 


MACHINE DESIGN 
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wew REULAND precision motors For MACHINE TOOLS 


Desi _ especially for 
machine tool manufacturers 


Reuland precision motors were developed 
only after giving a lot of careful thought 
to the problems of the machine tool indus- 
try. They are not just another line of 
motors that can be “made to fit,” but 
rather, a complete new type especially 
made for machine tool manufacturers. 

They are available in T.E.N.V. and 
T.E.F.C. types. Small, compact and fea- 
turing the very latest in lightweight mate- 
rials. 

For good looks and precision operating 
characteristics, there is nothing on the 
market to equal these jewel-like units. 


Precision balance 


Reuland motors are built to precise speci- 
fications like a fine tool. Each unit is 
dynamically balanced at the factory to 
assure vibrationless operation. 


Heavy-duty ball bearings, located at 
each side of the rotor, assist in maintain- 
ing this characteristic which is so vital to 
precise work. Exact tolerances are like- 
wise maintained throughout final assem- 
bly. 


Low inertia rotor 


The radial air gap design of these motors 
permits the use of a lighter weight, low 
inertia rotor. This light weight, low iner- 
tia feature assures smooth starts and quick 
stops. 

This rotor is also of a special narrow 
design which has shortened up the over- 
all length of the motor to give a thinner, 
“wafer” effect. 


Smooth-finished castings 

— pleasing lines 

The smoothly finished surfaces of Reu- 
land machine tool motors are a match for 


the most expensive tool. All castings are 
specially processed for smoothness and 
are given a baked enamel finish. 

This fine-quality finish, together with 
the motors’ naturally pleasing lines, assure 
a harmonious blend with the lines of 
every machine tool on which they are 
mounted. (When desired, the motor’s 
frame size can even be varied to fit an 
exact contour of the machine.) 


Other Reuland firsts! 


1. Motor with internal fluid coupling 
2. Spline-coupled hydraulic pump motor 


3. Foot-mounted disc type magnetic 
brake with self-contained bearings 
and shaft 


“Through-Shaft” magnetic disc brakes 
. Slip Ring motors in small #66 frames 
. All-aluminum motor frames 

. “Xpandable” motor design 


MAY» 





Use these other 
free Reuland Services 


Special-Motor Library 


Don’t ever pay for special-motor 
development costs before you 
check this free library. Contains 
valuable data on hundreds of 
unique, specially designed 
motors. Send for free “how to 


use” booklet. 


REULAND MOTO 


Circle 470 on page 19 






Standard Motor Catalog 
Contains engineering informa- 
tion on Reuland’s complete line 
of standard motors and motore- 
ducers. Sent free on request. 


REULAND ELECTRIC COMPANY 


Western Division: Alhambra 66, California 
Eastern Division: Howell 66, Michigan 


Distributors in all principal cities 




















a 
tn: 


N 


SON 
> 


\Pms 
on HK3I-T6 | ATO 
= | 
I ire 


eee 4 
302. STAINLESS — 


20 400 600 Ra 1000 
TEMPERATURE F 
Yield strength, weight vs. temperature. 


For High 
Strength-to-Weight 
Ratios at Elevated 
Temperatures — 


TITANIUM and 
MAGNESIUM 


The experience, the specialists, the 
equipment-and-facilities to design 
and produce the very difficult fabri- 
cation and assembly work in these 
and other light metals—you'll find 
at B&P. 
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YIELD STRENGTH/DENSITY/10° 





























To make this titanium 
pressurized tank, B&P 
welds two cylinders. 
Each is drawn in one 
operation. Tank with- 
stands 5000 psi pressure. 





Magnesium turret 
enclosure for a 
bomber. Design, 
lofting, prototypes, 
production fabrica- 
tion and assembly 
are all done by 
B&P. 


ENGINEERING FACILITIES IN DETROIT 
AND LOS ANGELES .. Write for Titanium 
and Magnesium engineering data—also 
folder on B&P’s facilities to handle 
tough jobs. 


BROOKS & PERKINS, inc. 


1940 West Fort St. 
‘4 


Detroit 16, Mich. 
56A 


Phone: TAshmoo 5-5900 
OFFICES IN NEW YORK, WASHINGTON, DALLAS 





IN LOS ANGELES: 
11651 VanOwen St 
North Hollywood, Cal. 
Phone: STanley 7-9665 
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maximum envelope contact and 
heat conductivity. Silver sleeves 
are soldered to silver-plated copper 
sleeves, in turn soldered to silver- 
plated hard-drawn copper bases. 
MIL approved sockets are me- 
chanically locked into the copper 
bases, providing a rigid mount to 
withstand severe vibration. The 
6A-4 is for use with 7-pin minia- 
ture tubes and the 6A-5 for use 
with 9-pin tubes. Birtcher Corp., 
industrial Div., 4371 Valley Blvd., 
Los Angeles 32, Calif. 

Circle 641 on page 19 


Tubing Connection 


connects flared tubing 
to hydraulic equipment 


Flange-type fitting connects flared 
tubing to hydraulic equipment 
such as pumps, compressors and 
engines. A pad on the kody of 





. 


the equipment can be designed 
to receive the flange. Fitting is 
available in a wide range of tube 
sizes and with a variety of gasket 
| materials. H. K. Porter Co. Inc., 
| W-S Fittings Div., P. O. Box 95, 
Roselle, N. J. 

Circle 642 on page 19 





Self-Locking Clinch Nuts 


are now available 
in sizes to No. 0 


| Nylok clinch nuts resist severe 
| vibrations and temperatures from 








| —70 to above 250 F. The nuts pro- 


| vide excellent reusability and meet 
| torque requirements of AN-N-5 





















BUILD A GAGE INSTAL- 
LATION TO SUIT 
YOUR NEEDS ... 


with these packaged, on-the- 
shelf P&W Air-O-Limit Light 
Signal Units. Can be used to 
signal operator or to provide 
feed-back impulse for fully au- 
tomatic process control. 





a, 
BASIC 2-LIMIT UNIT... 


indicates high and low toler- 
ances. Suitable for sorting and 
other ‘‘yes-or-no’’ control 
applications. 


3-LIMIT UNIT . . . especially 
suited for grinding and similar 
operations. Indicates or auto- 
matically controls such condi- 
tions as: ‘Fast Feed,” “Slow 
Feed,” and “Spark-Out.” 


4-LIMIT UNIT . . . similar to 
3-Limit Unit, but provides 
greater control scope. Indicates 
or controls such conditions as: 
“Approach High Limit,” “High 
Limit,” “Approach Low Limit” 
and “Low Limit.” 





Please direct inquiries to advertiser, mentioning MACHINE DESIGN 












GAGE BLOCKS .. . CONVENTIONAL GAGES... 





“@ 


PHOTO COURTESY OF LASALLE TOOL. INC., DETROIT, MICHIGAN 


The EASY way to 


HIGH-PERFORMANCE DESIGN 


PRATT & WHITNEY STANDARD, ON-THE-SHELF GAGE CONTROL UNITS 


INCREASED OUTPUT RATES, INSURED ACCU- 
RACY, REDUCED REJECT RATES ... these are the 
plus-performance factors that On-Machine or Automa- 
tion Gaging can bring to a wide variety of production 
machines. And now, these standard P&W Packaged 
Units ... with appropriate tooling . . . make it possible 
to provide an installation exactly tailored to your 
needs and easy to integrate into your present designs 
without the expense or delays required to engineer or 
construct special controls. 

For example, these P&W Packaged Units made it easy 
to provide automatic on-machine gaging for this spe- 
cial, high-speed automotive piston machine produced 


SUPERMICROMETERS .. . 


STANDARD MEASURING MACHINES. . 


by LaSalle Tool, Inc. Two P&W Air-O-Limit Carbide 
Gage Plugs are arranged to check the ID of both wrist 
pin bores on the pistons automatically. Lights on the 
P&W Control Units signal the operator if tolerances 
are exceeded. A second set of gage plugs similarly 
checks bores for the presence of snap ring grooves. If 
desired, control units can be arranged to shut down the 
machine automatically when an imperfect part is de- 
tected. Whatever your requirements, P&W can supply 
gaging equipment exactly right for the job. 

For complete information, write to Pratt & Whitney 
Company, Inc., 33 Charter Oak Boulevard, West Hart- 
ford, Connecticut. 


Ay 
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Raye 


- COMPARATORS... 


PRATT & WHITNEY 


FIRST CHOICE FOR ACCURACY 


MACHINE TOOLS 


GAGES + CUTTING TOOLS 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 





AUTOMATION AND CONTINUOUS GAGES 








It’s Not The 
TOOT 
That Runs 


The Train 


New Parts 

















one TREASURER, THE CINCINNATI GEAR CO, 


; Did you ever get a tune lodged in the back 
of your head, and not be able to get it out? 
I happened to hear a catchy children’s record 
awhile ago that keeps popping up in my 
mind; I'm a little fuzzy on the exact details 
but the gist of the lyrics is that “it’s not the 
toot that runs the train, but the chug chug 
chug.” Even though the song was obviously 
written to appeal to young children, the 
simple logic of its message is just as im- 
portant to us grown-ups. Because it is all 
too easy to lose track of basic objectives in 
the normal rush of competitive business and 
the manufacture of a competitive product. 
To cut a nickel here or there off the ‘‘toot”’ 
to meet competition is one thing; but if a 
dime or two also gets cut off the ‘chug chug 
chug” for the same reason, it may show up 
for the first time when the product is in 
the consumer’s hands — with lasting adverse 
effects. Any such quality lapse in the im- 
portant O.E. products into which many of 
our custom gears go would be a serious 
matter for the manufacturer. Our clients 
know this, and they know that a gear can 
be a crucial part in their product — and that’s 
why they come to us. They have found from 
experience that we make their custom gear 
costs inexpensive by giving them the quality 
and service they require. We'll do the same 
for your firm, if given the opportunity. 


THE CINCINNATI GEAR CO. 
CINCINNATI 27, OHIO 
Fifty Years of “Gears—Good Gears Only” 











Circle 472 on page 19 








| drive side. 
| to replace torque arm reducers, 
| geared-head motors and standard 


| ley, on 


_ bility. 
| secures each blade to center disk. 
| Blades are attached to center disk 


and Signal Corps clinch nut re- 
quirements. Locking action is posi- 
tive. Screw can be inserted from 
either side of the nut. The fasten- 
ers are now available in a range 
of ferrous and nonferrous mate- 
rials in sizes down to No. 0. Nylok 
Corp., 611 Industrial Ave., Par- 
amus, N. J. 


Circle 643 on page I9; 


Gear-Reduction Pulley 


is self-contained 
speed reducer 


Newly designed Concentro-drive is 
a gear reduction unit inside a pul- 
ley. The unit is lubricated for life 
and is made in double and triple 
reduction types. Input shaft is 
concentric with the pulley and 
drives through the dead shaft. 
Equipment can be narrower in 


| width and without overhang on 


The drive can be used 


reducers. Variable speeds are ob- 
tained by mounting motor, 
equipped with variable-pitch pul- 
sliding base. Bunke- 
Musser Inc., Dept. 109, Jackson 
Center, O. 

Circle 644 on page 19 


Blower Wheel 


new design gives 
high air delivery 


Preslock blower wheel operates at 


| @ maximum of 1500 rpm against a 


static pressure of 2 or 3 in. Air 
delivery can be increased without 
increasing physical size of the 
blower. Smooth air flow center- 
disk design reduces turbulence and 
increases efficiency. Wide spread 
between hubs provides lateral sta- 
Positive mechanical lock 


by four steel fingers individually 
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MEEHANITE CASTINGS ARE MADE ONLY 
BY MEEHANITE FOUNDRIES 

The American Laundry Machinery Co., 
Rochester, N. Y. 

Atlas Foundry Co., Detroit, Mich. 

Banner Iron Works,. St. Louis, Mo. 

Barnett Foundry & Machine Co., 
Irvington, N. J. 

Blackmer Pump Co., Grand Rapids, Mich. 

Centrifugally Cast Products Div., The 
Shenango Furnace Co., Dover, Ohio 

Compton Foundry, Compton, Calif. 

Continental Gin Co., Birmingham, Ala. 

The Cooper-Bessemer Corp., 
Mt. Vernon, Ohio and Grove City, Pa. 

Crawford & Doherty Foundry Co., 
Portland, Ore. 

Delaval Steam Turbine Co., Trenton, N. J. 

Empire Pattern & Foundry Co., Tulsa, Okla. 

Florence Pipe Foundry & Machine Co., 
Florence, N. J. 

Fulton Foundry & Machines Co., Inc., 
Cleveland, Ohio 

General Foundry & Mfg. Co., Flint, Mich. 

Georgia Iron Works, Augusta, Ga. 

Greenlee Foundry Co., Chicago, Ill. 

The Hamilton Foundry & Machine Co., 
Hamilton, Ohio 

Hardinge Company, Inc., New York, N. Y. 

Hardinge Manufacturing Co., York, Pa. 

Johnstone Foundries, Inc., Grove City, Pa. 

Kanawha Manufacturing Co., 
Charleston, W. Va. ? 

Kennedy Van Saun Mfg. & Eng. Corp., 
Danville, Pa. 

Koehring Co., Milwaukee, Wis. 

Lincoln Foundry Corp., Los Angeles, Calif. 

Mattison Machine Works, Rockford, Ill. 

Palmyra Foundry Co., Inc., Palmyra, N. J. 

The Henry Perkins Co., Bridgewater, Mass. 

Pohiman Foundry Co., Inc., Buffalo, N. Y. 

The Prescott Co., Menominee, Michigan 

Rosedale Foundry & Machine Co., 
Pittsburgh, Pa. 

Ross-Meehan Foundries, Chattanooga, Tenn. 

Sonith Industries, Inc., Indianapolis, Ind. 

Standard Foundry Co., Worcester, Mass. 

The Stearns-Roger Mfg. Co., Denver, Colo. 

Valley Iron Works, Inc., St. Paul, Minn. 

Vulcan Foundry Co., Oakland, Calif. 

Washington Iron Works, Seattle, Wash. 

Dorr-Oliver-Long, Ltd., Orillia, Ontario 

Hartley Foundry Div., London Concrete 
Machinery Co., Ltd., Brantford, Ontario 

Otis Elevator Co., Ltd., Hamilton, Ontario 


SEND FOR 
FREE 
BULLETIN 41 
TODAY 


Meehanite Metal as a Material 
for Forming & Stamping dies 


Write today to Meehanite Metal 
Corporation, Department 4D, 
714 North Avenue, New Ro- 
chelle, New York. 


MEEHANITE® 
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Increase die life and lower production costs with cast- 


to-form Meehanite metal dies 


Longer service life is obtained with 
Meehanite dies because of their bet- 
ter wear resistance and freedom from 
galling, scuffing and scoring. Mee- 
hanite metal, combining the most 
desirable properties of gray iron and 
steel, is one of the most versatile 
die materials available. 


Meehanite dies provide high strength 
and toughness combined with ex- 


Steel airplane propeller blades that must be as 
near perfect as possible are manufactured with 
Meehanite dies that prevent distortion during 
quenching after heat treating. The dies shown 
contain cored passages through which cooling 


water flows. 


cellent self-lubricating properties. 
Dies made in Meehanite metal take 
on a permanent glass-smooth finish 
and assure long runs of flawless press- 
ings and shapes. Meehanite dies are 
used successfully for deep drawing 
and shaping all steels and non-fer- 
rous alloys. 


Substantially lower production costs 
are achieved by casting large and 


motive, 
industries. 


complicated die parts in one piece 
rather than building up die assem- 
blies. Machining allowances are held 
to a minimum and dies may be hard- 
ened by local or uniform heat treat- 
ing without distortion. 


For additional information, send for 
Bulletin No. 41 “Meehanite Metal 
as a Material for Forming & Stamp- 
ing Dies.” 


Meehanite dies have been used in drawing and 
forming operations for over 25 years by the Inger- 
soll Products Division of Borg-Warner Corporation 
in the manufacture of stampings for the auto- 
farm equipment and home appliance 


MEEHANITE BRIDGES THE GAP BETWEEN CAST IRON AND STEEL® 


MEEHANITE METAL 


MEEHANITE METAL CORPORATION, 


NEW ROCHELLE, 


NEW YORK 





\ ADEL Refinements assure Plus 
Performance for Your Equipment 


Designers and Engineers 
have set these standards for 
Industrial Hydraulic Equipment 
Rugged simplicity * Long life * Simplification 
of piping * Reduced installation costs * Greater 


accessibility for maintenance * Completeness 
of line * Over-all economy 


ADEL brings them all to you! 


Smooth economical hydraulic power 
for Pushing, Pulling, Lifting, 
Prassing, Clamping and Controlling. 


Illustrated are but a few of a wide variety 
of ADEL industrial hydraulic control 
equipment that offer definite benefits to 

both the user and builder of machine toois 
and many other kinds of equipment. 
ADEL products incorporate proven 


New Parts 








For complete engineering 
specifications and counsel, 
Address: Apet Drvision, 


design and precision construction features 
that assure dependable operating 
efficiency over the years. A complete 


GENERAL Metats CorPORATION 
10771 Van Owen Street, 
Burbank, California 


line for every application. 
You can simplify your Hydraulic Power 
__ Motion Problems by specifying ADEL. 


ABEL 


PRECISION PRODUCTS 
A DIVISION OF GENERAL METALS CORPORATION 


facturers of Industrial Hydraulic Control Equipment 


DISTRIBUTORS: AIR-DRAULIC EQUIPMENT CO., HOUSTON, TEX. * AIR & HYDRAULIC ENGI- 
NEERING CO., NEW HAVEN, CONN. * RUSS CHAMBERLIN COMPANY, PORTLAND 14, ORE. 
J. BOYD COATES, GLENSIDE, PA. * CORBY SUPPLY COMPANY, ST. LOUIS, MO. * FRANK T. 
DONNELLY COMPANY, PITTSBURGH 38, PA. * HASKEL ENGINEERING & SUPPLY CO., GLENDALE 
4, CALIF. * HASKEL ENGINEERING & SUPPLY CO., SAN FRANCISCO 7, CALIF. * AIR-DRAULICS 
COMPANY, PHOENIX, ARIZ. * INDUSTRIAL AIR & HYDRAULIC EQUIP. CO., DETROIT 15, MICH. 
LINCOLN SUPPLY COMPANY, PROVIDENCE, R. I. » L. H. MONSEES, INDEPENDENCE, MO. * THE 
NEFF ENGINEERING CO., FORT WAYNE 3, IND. * POWER DRIVES, INCORPORATED, BUFFALO, 
N. Y. * SCOTT EQUIPMENT & ENGINEERING CO., DAYTON 10, OHIO * ROBERT TAYLOR & SONS, 
SALT LAKE CITY 10, UTAH * WYATT SALES COMPANY, CLEVELAND 15, OHIO 
TRI-STATE SUPPLY COMPANY, BROOKLYN 33, N. Y. 
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pressed within each blade. Wheel 
is available in cold rolled steel, 
stainless steel, rustproof steel or 
aluminum and is finished in a vari- 
ety of baked enamels. Lau Blow- 
er Co., 2007 Home Ave., Dayton 
(ee 

Circle 645 on page 19 


Miniature Solenoids 


are custom assembled 
from standard components 


Series 100 and 300 solenoids, avail- 
able in 300 different types, are as- 
sembled from 20 standard com- 
ponents. Exact requirements for 
any custom dc miniature solenoid 
can be met without lead time re- 


quired for special units. Solenoids 
feature lightweight, compact de- 
sign, maximum power-to-size ra- 
tio, plungers designed for push or 
pull, and a wide variety of mount- 
ings, coils and wire sizes. Appli- 
cations are in business machines, 
automatic process control, auto- 
matic machinery and communica- 
tions. Joseph Pollak Corp., 81 
Freeport St., Boston 22, Mass. 
Circle 646 on page 19 


Hydraulic Pump 


3000 psi unit 
delivers 4.15 gpm 


Rugged hydraulic piston pump, Se- 
ries PF-3006, is for construction 
machinery, materials handling de- 


pg 


vices, aircraft and agricultural 
equipment. Pump provides 3000 psi 
max intermittent pressure and is 


MACHINE DESIGN 
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Ruled, by a Kobot “4 


Dominated tya mechanical monster? Comes the 
revolution! Just white teday and Learn few 500 types 


and sizes of MP Bis suck as these OGG-~- 


BALL BEARINGS ACTUAL SIZE 


ate helping to nevotutionize the sue of robots, 


machines and precision indtruments; 


making them smoker, Cipher, smoother (and kinder!) 


MMINIATURE PRECISION BEARINGS, INC. 


3S Precision Park, Keene, New Hampshire 
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New 
AIRCOMATIC HEAD 


for better 
machine welding 


The new improved Airco AMH-B Aircomatic Head has 
been developed for the fabrication of ferrous and non- 
ferrous metals on a high production basis. Used in con- 
junction with constant are voltage power supply, this unit 
provides automatic control of the arc voltage. Standard 
shielding gases— argon, helium, mixtures (AG75) and CO, 
— are used. Advantages of the AMH-B include: two speed 
ranges, up to 900 inches per minute high range, and up to 
600 inches per minute low range; all types of Aircomatic 


yobdion’y 


Z 
AT. THE FRONTIERS OF PROGRESS YOU'LL FIND... RS 


Air REDUCTION SALES COMPANY 


New AMH-B Head welding 
cylindrical containers on a 
high production basis. All 
components of this Airco- 
matic package — power 
supply, inert gases, and 
Aircomatic welding wire— 
are available from Airco. 


welding wire, from .030” to 3/32” diameters, can be used. 

Wire is fed at a constant speed by an adjustable speed 
motor. Easy adjustment of the head allows it to be used 
vertically or horizontally. 

For handling most applications the basic package con- 
sists of the Aircomatic unit, a machine barrel and a wire 
guide component kit. The basic Aircomatic unit includes 
the head, main control panel and remote control operator’s 
station. For complete information write Airco direct. 


=. 


— ~S 
On the west coast — 
Air Reduction Pacific Company 


Internationally — 
Airco Company International 





A division of Air Reduction Company, Incorporated 
~ 150 East 42nd Street, New York 17, N. Y. 1 


®) 
Offices and dealers in 
most principal cities 


In Cuba — 
Cuban Air Products Corporation 





n Canada — 
Air Reduction Canada Limited 


Products of the divisions of Air Reduction Company, Incorporated, include: AIRCO — industrial gases, welding and cutting equipment, and acetylenic chemicals * PURECO 
— carbon dioxide, liquid-solid (‘‘DRY-ICE'') * OHIO — medical gases and hospitc! equipment * NATIONAL CARBIDE — pipeline acetylene and calcium carbide ® 
COLTON — polyviny! acetates, alcohols, and other synthetic resins. 


MACHINE DESIGN 
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Note these 
outstanding 
advantages 
of the new 
AMH-B 


Accommodates wide range of 
metal thicknesses — take fine 
wires (.030”) for thiri gauges, 
and up to 3/32” for normal 
gauges. 

Versatility — through availability 
of 3 machine barrels with duty 
ratings of 350, 500 and 600 
amperes. 

Extreme compactness contributes 
to ease of installation, setting 
up, and servicing. 

Designed so that accessory 
equipment may be connected 
easily, quickly. 

Easy to mount: only standard 
14” steel pipe is required. 

Can be used with argon, helium, 
mixtures (AG 75) and CO: gases. 
Simplified design means easier 
maintenance and longer life. 


You'll find the 
new AMH-B 
Aircomatic 
Head ideal for 
high quality 
welding on 
production 
type applica- 
tions. For 
complete 
details 


WRITE DIRECT 


AIRCO 
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rated at 2000 psi. Displacement is 
0.597 cu-in. per revolution; speed is 
2600 rpm max; hydraulic horse- 
power is 8.6 max. Unit weighs 25 lb 


and will handle 2.8 gpm at 1200 | 


rpm or 4.15 gpm at 1800 rpm. Fit- 
ting adapters are available with 
SAE straight threads or pipe 
threads. Dynex Inc., 1500 S. Mus- 
kego Ave., Milwaukee, Wis. 

Circle 647 on page 19 


Brakemotors 


have torque range 
from 3 to 345 Ib-ft 


Cast-iron brakemotors stop 
stantly and hold heavy loads on all 
types of equipment. 


linings and one-operation torque 


setting. Load is set and held, in | 


the event of power failure or low 
voltage, until normal operation is 
restored. 


minimum of wearing parts. Ad- 
justments are made easily by re- 
moving brake housing and lifting 


out the operating mechanism. En- | 
closures are available for outdoor | 


installation or where moist, cor- 
rosive, or abrasive dust conditions 
exist. Standard enclosures include 
protected, totally enclosed nonven- 
tilated, totally enclosed fan-cooled, 
and  explosion-proof. Reliance 


Electric & Engineering Co., 1088 


Ivanhoe Rd., Cleveland 10, O. 


Circle 648 on page 19 


Trimmer Potentiometer 
is available in 
16 resistance values 


Small, lightweight, 


ing with a potentiometer built in- 
side. Bushing is stainless steel, 


mounts in a 5/16-in. hole with a | 


3%-in. hexagon mounting nut, and 





in- | 
Design in- | 


corporates torque range from 3 to | 
345 lb-ft, one-piece molded friction | 


Brakemotors have a | 





locking-bush- | 
ing potentiometer, designated Type | 
101C, is essentially a locking bush- | 














VULCAN ELECTRIC 


- When application is for: Contact 


. When 


. When you have “hot” problems: 


VULCAN ELECTRIC 


Constructed basically like the strip 
heaters, Vulcan Electric Band Heaters 
are designed for clamping around 
tanks, pipes, 
Standard width is 1%”; inside diame- 
ters from 6” to 15” (special smaller or 
larger sizes available). Semi or full 
circular bands. Equipped with mount- 
ing tabs or clampirg bands. 


When fo specify \ 


STRIP HEATERS 


heating of dies, platens, molds, or 
any items with flat surfaces to which 
elements may be clamped. Also air 
heating source for ovens, air ducts, 
dryers. 

specifications call for: 
Seamless one-piece sheath; rugged 
non-oxidizing terminal posts; steel 
sheath for sheath temperatures to 
750°F; Chromalloy sheath for sheath 
temperatures to 1200°F; 8” to 
4242” lengths {or longer); 150 to 
1500 watts (or higher). 


Vulcan Engineers are ready to supply 
special heating units — engineered 
to your needs. 


BAND HEATERS 


injection heads, etc. 


Write for free catalog. 


ELECTRIC COMPANY 
DANVERS 6, MASS. 














— . Stipe Pp. - - ¢ Immersion Electric 
Hea iJ Sresding irons 
‘oan and G 
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FROM FOOTE BROS. 








ari-thount 
VARIABLE SPEED MOTORIZED DRIVE 


VARIABLE coe) ss Pie STANDARD 
ADJUSTMENT MOTOR 


RANGES FROM 
2:1 to 6:1 


er eee Output RPM from 
1 to 15 HP avn.«e Fo 712 to 2.5 Depending 
“3a, oF fem on Ratio and Speed 
Range Selected 


VARI-MOUNT—the new Variable Speed Motorized Drive offers infinitely 
variable speed selection, greater flexibility of operation, wide adaptability, 
easier maintenance and the sound design you expect from Foote Bros. 

With a Vari-Mount, you can use your own motor—old or new NEMA 
Standard—or, the unit can be supplied with any standard motor of your 
choice. The Vari-Mount Reducer incorporates Duti-Rated Lifetime Gear- 
ing with file-hard sooth surfaces and tough, ductile cores for maximum life 
and efficiency. 

Positive handwheel control of the adjustable pOilley permits pin-point 
accuracy in speed selection over the entire range. Va ri-Mount Units may be 
equipped with Remote or Automatic speed selection devices if required. 

Spring loaded, self-centering Variable Pulley and close-coupled in line 
design insures permanent belt alignment, smoother performance, and 
minimum overhung load on motor bearing. No thrust load is imposed on 
motor bearings at any speed or during speed changes. 

Quick belt changes made possible by the wide-open design of the Vari- 
Mount, together with easily accessible lubrication fittings make mainte- 
nance an easy matter. 


3 TYPES 


HORIZONTAL or 


VE 
F 
MOUNTED UN 














OUTPUT SHA ee iis ve : 
VERTICAL.) OUTPUT SHAFT OUTPUT SHAFT OUTPUT SHAFT 


HORIZONTAL VERTICAL HORIZONTAL 


oe / Want — detai/s?...Write for Vari-Mount Catalog today 


see aa. FOOTE ROS. 


industrial gearing made ~..: SU: 5 Baltn P 7 ~ Th  B 5 


7. M. REG. U. S.PAT.OFF, 





FOOTE BROS. GEAR AND MACHINE CORPORATION 


4567 SOUTH WESTERN BOULEVARD * CHICAGO 9Q, ILLINOIS 
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is approximately 9/16-in. long. 
Unit weighs 2.8 grams. It is avail- 
able in 16 standard resistance 
values from 47 to 15,000 ohms. 
Contact resistance is held to a 
tight tolerance. Power dissipation 


is 14-w up to 95 C, derated to zero 
at 145 C, for a period of 2000 hr. 
Small size, light weight, reliability 
under difficult environment condi- 
tions, plus ease of gasketing 
mounting surfaces, permit use in 
airborne equipment and in her- 
metic sealing applications. Carter 
Mfg. Corp., 23 Washington St., 
Hudson, Mass. 

Circle 649 on page, 19 


Resin Plastic 


has high mechanical and 
noncorrosive properties 


Delrin acetal resin has excellent 
combination of high tensile 
strength, toughness, high melting 
temperature, fatigue life, dimen- 
sional stability, solvent resistance 
and resistance to deformation. Ma- 
terial is suitable for a wide range 
of applications which require a ma- 
terial able to retain properties un- 
der conditions of high tempera- 
tures and humidity, during an ex- 
tended time under stress, or on ex- 
posure to most solvents. E. I. 
Du Pont de Nemours and Co., Wil- 
mington 98, Del. 

Circle 650 on page 19 


Snap-Acting Thermostat 


has fixed temperature settings 
from —20 to 400 F 


Snap-acting, disk-type C7216 Klix- 
on thermostat is designed for ap- 
plications where maximum shock 
and vibration resistance are re- 
quired, such as in aircraft controls 
and guided missiles, and where 
space and weight accommodations 
are limited. Units have fine silver 
electrical contacts and complete 
hermetically sealed assembly. Cop- 
per-nickel plated steel casing pro- 
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HOW NYLOK® LOCKS: 


LOCKED! The tough, resilient nylon pellet keys itself into the mating threads. It forces threads together, and locks the screw securely. 


NEW—a complete line of self-locking UNBRAKO 
socket screw products that won't work loose 


They simplify design and save production time 


UNBRAKO socket screws are now available embodying the Nylok* 
self-locking principle. Nylok provides a truly practical new solution 
to the problem of making screws self-locking. 

You save production time when you build products with self- 
locking UNBRAKOs. And you get greater simplicity in design with 
less bulk and weight. The number of parts you must assemble to 
achieve full locking action is reduced to the absolute minimum. 
Lockwashers under screw heads are no longer necessary. Costly 
wiring of cross drilled heads is eliminated. So are cotter pins and 
complex multiple set screw installations. 


UNBRAKO SOCKET SCREW DIVISION 


' 


pe, ey 


& 


ee 


Socket head cop screws. Socket shoulder screws. 


January 24, 1957 


Flat head socket screws. 
Standard sizes #6 to lin. Standard sizes ato %in. Stondard sizes #6 to % in. 


Circle 479 on page 19 


Self-Locking UNBRAKOs are completely reusable. They have 
uniform locking and installation torques—with no galling or seizing 
on mating threads. They successfully withstand temperatures from 
—70° to 250°F. And, on properly seated screws, the pellet acts 
as a liquid seal. 

Self-locking UNBRAKO socket screws come’ .o. ste range 
of standard sizes and materials. See your av..orized industrial 
distributor. Technical data and specifications are detailed in Bulletin 
2193. Write us for your copy today. Unbrako Socket Screw 
Division, STANDARD PRESSED STEEL Co., Jenkintown 18, Pa. 

*T.M. Reg. U.S. Pat. Off., The Nylok Corporation 


STANDARD PRESSED STEEL CO. 


JENKINTOWN PENNSYLVANIA 


Button head socket Socket pressure plugs. Socket sef screws. All stand- 
screws. #6 to % in, 


Standard sizes “sto 1% in. ard point types. #6 to 1 in. 
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oun Ludoaing!  @ Mow Paste 


Self-Lubricating! 
tects all parts from contamination 
—SPECIFY and moisture. Fixed standard tem- 
perature settings range from — 20 


Seett Mia censah 








to 400 F. The thermostat is avail- 
able with No. 20 copper wire leads. 
Metals & Controls Corp., Spencer 
Thermostat Div., Attleboro, Mass. 

Circle 651 on page 19 


Geneva Movements 


compensati available in wide 
assure friction minimizing range of sizes 
operation. A corrosion resist- 
ant film imparted to opposing Standardized Geneva movements 
metal surfaces prevents scor- : are available with 3, 4, 5, 6 or 8 
ing . . . reduces maintenance _. | indexing stations. Any hub, bore, 
and: replacement. _ | keyway or bearing combination is 
available. Drives, with any num- 
ber of points, are available from 


CARBON GLAND RINGS 


..» for high sealing 
efficiency 


These high efficiency pres- 
sure and vacuum seals for 
steam turbines can be safely 
mounted with less clearance 
than metallic rings. Unaf- 


fected by axial movement of ; ; . 
shaft, accommodate consid- ¥4-in, to 20 in. OD. Units are 


erable radial shaft displace- made in two grades: commercial, 
ment with no danger of re for adjustable center distances, 
seizure or loss of efficiency. and precision nonadjustable for 
E use where shafts fit jig-bored hous- 
ings. Materials are mild steel or 
heat-treated machinery steel. 
. Genevamatic Engineering, 404 E. 
Specify Morganite! For a Did Ellamae St., Tampa, Fla. 
sealed mechanisms, inaccessible sy Mt | Circle 652 on page 19 
locations or where contamination pee 2: 
is a problem — Morganite Self Lu- : P 
bricating Bearings, Valves, Slides, a Separator 
Seal Noses and Pump Vanes are : 5 x fa removes moisture 
available. Write for complete de- : from gases 
tails and literature, now! 
Corrosion-resistant, impingement- 
3314 48th Avenue type separator for removal of 
Long Island City 1 liquid particles from air and other 
anele: ATED New York gases is a compact self-contained 
_.. FOR OVER unit ready for installation in pipe 
HALF A CENTURY line. Graphite rods are staggered 
Manvfacturers of Fine Carbon Graphite Products including Carbon Specialties, Motor in rows within cylinder. As gas to 


and Generator Brushes, Carbon Piles, Current Collectors and Electrical Contacts | be scrubbed flows through cylin- 
Distributors of 99.7% Pure Al203 Tubes and Crucibles | der, moisture particles impinge on 
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HOP 3 


Quer of rockets swooshing heavenward 
become more and more familiar as we 
thumb through today’s industrial publications. 
The recalcitrant rocket shown on this page 
indicates that things can go wrong in research, 
and we don’t claim that the absence of a 
Sanborn oscillographic recording system some- 
where along the line was the reason for this 
disappointing trajectory. 

What we do wish to say is that Sanborn 
equipment is playing an increasingly vital part 
in rocket development. Used in the laboratory 
to record flight behavior simulated by analog 
computers, and in plotting rooms at testing 
bases to tape down telemetered data, Sanborn 
**150’s’”’ are helping rockets to get and stay 
where they belong. 

You can see Sanborn systems in many 
other places, too. Oil fields, electronic com- 
ponent production lines, machine tool plants, 
hydraulic testing laboratories, numerous air- 
craft manufacturers, computing facilities... 
are putting single to 8-channel Sanborn systems 
to work. (Most are housed in vertical mobile 
cabinets, while those in the ‘‘field’’ are often 
divided into portable packages for each instru- 
ment.) All of them give their users inkless, 
permanent recordings in true rectangular co- 
ordinates, one percent linearity, as many as 
nine chart speeds, and the efficiency (and 
economy) inherent in Sanborn unitized design. 
A dozen different plug-in preamps further 
extend their value, by making change- 


over to new recording inputs a quick = A | cy ©) toad N 
and easy procedure. 


CAMBRIDGE 39, MASSACHUSETTS 


Which way rockets are going may 

not be a primary concern of yours. 

But if recording problems are, 

you're apt to find some interesting 

and useful answers in Sanborn's 

2-, 4-, 6-, 8-CHANNEL 16 page “150 System” catalog. 

8-, 6-<CHANNEL 4-CHANNEL 2-CHANNEL 1-CHANNEL ANALOG COMPUTER SYSTEMS Write to us for a copy. 
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Automatic Lubrication 


When you design a machine to in- 
elude Bijur Automatic Lubrication 
as an integral component, the user 
profits many ways. Costly hand oil- 
ing is eliminated. Repair bills are 
substantially reduced. Productive 
capacity is increased because ma- 
chines are lubricated while in oper- 
ation; downtime is reduced. Every 
bearing receives the right quantity 
of oil at the right time. There are 
no starved or flooded bearings. In 
your customer’s plant, safety is in- 
creased; fire risk is lessened; per- 
sonnel injuries are avoided. All this 


Biyor 
LUBRICATING CORPORATION 


adds up to greater sales appeal for 
your machines. 


For more than a quarter of a cen- 
tury, machine manufacturers have 
looked to Bijur as the accepted 
standard of automatic lubrication. 
Well over a million Bijur Systems 
have already been installed. Let 
Bijur design a custom-engineered 
lubrication system for you, to fit 
machines now in production or in 
the planning stage. 


Literature and engineering data 
are yours for the asking. 


@Pz360 


Rochelle Park, New Jersey 
oneen. in Arilomalic Lubrication 
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the separator rods. At pressure 


of 1 atm, scrubber is designed for 
gas approach velocity of 30 fps; 
pressure drop is under 1 in. water. 
Graphite materials are chemically 


> 
44 


cs ” 


inert to mineral acids, organic sol- 
vents, salt solutions and other cor- 
rosives. Unit can operate at tem- 
peratures from —40 to 340 F and 
at pressures from full vacuum to 
65 psig. Stock sizes are 6, 8, 12, 
and 16 in. National Carbon Co., 
30 E. 42nd St., New York 17, N. Y. 

Circle 653 on page 19 


Thermocuring Adhesive 


resists high temperatures 
and retains flexibility 


Pliobond H. T. metal-to-metal ad- 
hesive is designed specifically for 
high-temperature mechanical and 
electronic applications. It has a 
curing temperature of approxi- 
mately 350 F and does not creep 
under load at high temperatures. 
Tests conducted at 400 F showed 
that 40-gage samples of cold-rolled 
steel bonded with the adhesive ex- 
hibited no creep tendency under 
constant load. The material re- 
tains flexibility at temperatures 
throughout its serviceable range. 
Goodyear Tire & Rubber Co., 
Chemical Div., Akron 16, Ohio. 
Cricle 654 on page 19 


Self-Sealing Bolts 


in sizes from 
10-32 to 1-20 


Seelbolts are useful for high-pres- 
sure sealing and for applications 
requiring resistance. to heavy vi- 
bration. They are available as one- 
piece, preassembled units. An O- 
ring of silicone rubber or neoprene, 
firmly held in a groove under the 
bolt head, is compressed to form 
a positive seal when tightened. The 
bolts conform to the dimensions 
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Falk Controlled Torque Couplings 
prevent damage from overloads 


In applications where danger from 
overloads exists, use the FALK Type FT 
Controlled Torque Coupling. The Type FT 
has all the features and advantages of 
standard FALK Steelflex couplings—and, 
in addition, has an adjustable friction slip 
clutch, enabling the operator to set the 
coupling to slip at any predetermined 
overload. 

This controlled-torque principle not only 
prevents transmission of dangerous 
shocks and limits overloads; it eliminates 
the breaking of shafts caused by jamming 
of driven equipment. 

An outstanding advantage of the Type FT 
Coupling is that, as soon as the cause 
the overload is removed, the entire coup 
ling will rotate and transmit power witho 
replacing parts or repairing coupling. 


4 


", TURNING... 


‘ 


There’s real economy in using Type FT 
Controlled Torque Couplings. Many users 
have reported that these couplings paid for 
themselves the very first time they slipped 
(under overload) because of the protection 
against damaged driving or driven 
machinery! 

















cost less per year of service! 


You get double protection when you connect your driving and 
driven machinery with a Falk Steelflex Coupling—the all-steel cou- 
pling with the exclusive grid-groove design! First, its torsional resili- 
ence smothers shock and vibration; and second, the Steelflex design 
prevents damage and lowered efficiency by accommodating shaft 
misalignment. 

Why have increasing numbers of key men in industry standardized 
on Falk Steelfiex Couplings? Their experience has proved that Falk 
Steelflex Couplings prolong the service life of their machinery ... are 
trouble-free and need minimum maintenance . . . are easy to install, 
lubricate and disconnect ... and cost less per year of service than 
ordinary couplings. 

One basic Steelflex design—the type F, in its many sizes—is 
adaptable to more than 90% of all industrial applications. For 
applications involving danger from overloads, Modified Type FT 
Controlled Torque couplings (see column at left) are ideally suited. 
There are numerous other special or dual purpose Steelflex couplings 
for unusual applications. Write to Department 247 for engi- 
neering bulletin, including selection and dimension tables. 


THE FALK CORPORATION, MILWAUKEE, WISCONSIN 


MANUFACTURERS OF: 
@ Motoreducers © Single Helical Gears 
© Speed Reducers © Herringbone Gears 
© Flexible Couplings ® Marine Drives 
© Shaft Mounted Drives ¢ Steel Castings 


© High Speed Drives © Weldments 


vee JOOd name in industry ° specici Gear Drives + Contract Machining 
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Eliminating double-drilling 
and tapping of cast parts 


On the Stanley Power Plane, a screw is used to provide clamping and 
adjustment for depth of cut. Threads to receive this locking screw 
are in a relatively inaccessible section of the casting. A tapping 
operation in assembly would be slow and costly. 


An ESNA Spline type nut solves this problem. It is simply pressed 
into a cored hole in the casting. No hole preparation or tapping is 
necessary and substantial savings in production costs result. 


The Spline type Elastic Stop® nut has a straight knurled cylin- 
drical shank as an extension of the main body of the nut. Pressed 
into a soft metal casting, the splines serve as a broach to make the 
nut self-retaining. The red ESNA locking collar provides a positive 
lock for the adjusting screw. It permits precise adjustment that 

won't be disturbed by vibration or jolting ... 
particularly important in maintaining adjust- 
ment in applications like this. And it can be 
re-used many times. 


Whatever your fastening problem, it will 
pay you to find out how ESNA can help you 
solve it. 


MAIL COUPON FOR DESIGN INFORMATION 


Dept. N2-14, Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, New Jersey 
Please send me the following fastening information: 


(] Bulletin on Spline type Elastic 
Stop nut. 


[] Here is a drawing of our product. 
What self-locking fastener would 
you suggest? 


Title. 
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and materials of AN bolts. They 
are available with standard hex- 
agonal heads in sizes from 10-32 





RUBBER "0" RING 

ASSEMBLED AT FACTORY 

to 144-20. Supplied in steel, brass, 
corrosion-resistant steel or alumi- 
num, they can be plated in any de- 
sired finish. Automatic & Pre- 
cision Mfg. Co., 252 Hawthorne 
Ave., Yonkers, N. Y. 

Circle 655 on page 19 


Stepless Speed Reducer 


provides infinite 
adjustment within range 


Infinitely variable speed reducer 
offers fast speed changes and sim- 
ple remote control set-ups. Lever 
control permits changing of out- 
put speed while unit is operating 
or stopped. Output shaft can be 


stopped without stopping power 
source. Control lever requires 
small force to reposition, allowing 
simple remote controls. Lever has 
40 degree movement and large 
quadrant for easy calibration. 
Speed is repeated accurately and 
lever may be locked with thumb 
screw. Revco Inc., 1900 Lyndale 
Ave. S, Minneapolis, Minn. 

Circle 656 on page 19 


Multi-contact Relay 


miniature dc unit offers 
speed and reliability 


Miniature telephone-type multi- 
contact relay is only 1 5/32 long 
by 23/32-in. wide. Height is de- 
pendent upon number of springs. 
Unit is also available hermetically 
sealed with overall size of 24g by 


MACHINE DESIGN 











ANNOUNCES 


Important New Developments 





in Compressed Air Filters 


and Pressure Regulators 


NEW Norgren Air Line Filters 


@ LESS PRESSURE DROP — larger passages and larger filter element. 


@ BETTER LIQUID REMOVAL — Improved louver plate and baffle design. Removes 


more liquid from the compressed air line. 


@ CHOICE OF FILTER ELEMENT—interchangeable filter elements, 74, 64, or 25 micron, 


NEW Norgren Pressure Regulators 


@ GREATER ACCURACY OF REGULATED PRESSURE —bolanced valve and in- 


creased effective diaphragm area provide improved accuracy over a wide 
operating range. 


@ RELIEVING OR NON-RELIEVING TYPE AVAILABLE 


@ IMPROVED RELIEVING CHARACTERISTICS — automatic relief of excess pressure. 


Holds system pressure close to regulator setting. 


For complete information... 
call your nearby Norgren Representative listed in your telephone directory—or 
WRITE THE FACTORY FOR NEW CATALOG. 


3442 SOUTH ELATI STREET ENGLEWOOD, COLORADO 


January 24, 1957 Circle 485 on page 19 151 





SPECIAL 
ATTACHMENTS 


provide great 
versatility 
for 


CONVEYOR 
CHAINS 


Acme Precision conveyor chains 
are easily adapted to special re- 
quirements by the use of stock 
or specially designed attach- 
ments. Possibilities for modifica- 
tion of Acme standard chains 
are practically endless. In all 
adaptations, Acme engineers are 
skilled in retaining as many 
standard parts as possible to re- 
duce costs. 


Most attachments are in reality 
special plates which take the 
place of standard chain plate 
and are stamped from dies in 
production quantities. Attach- 
ments in smaller lots can be hand 
machined, cast, bent or welded 
to your specifications. 


Whether you use a simple ex- 
tended pin design or more elab- 
orate attachments used for tim- 
ing and motioning special cun- 
veyor lines, Acme engineers are 
ready to design practical appli- 
cations for you. 


All Acme conveyor attachments 
available in stainless steel for 
the packaging and food indus- 
tries. Write our engineering de- 
partment. 


FREE CHAIN CATALOG 


Write Dept. 6-H for your 80-page copy of 
Acme’s latest catalog. Packed with valuable 
chain data. An indispensable 

chain reference. 


Call 


ME- er er Ob ; 
. x A tion 


HOLYOKE 
MASSACHUSETTS 
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15g by lin. Coil is de only, single 
or double wound. Resistance is up 
to 14,000 ohms. Maximum power 
dissipation is 3 w. Phosphor 
bronze contacts are A, B, C or D 


fea j 
form and are available in wide 
range of materials. Up to 18 
springs are available in the relay, 
which combines speed, reliability 
and high resistance to shock and 
vibration in a miniature unit. Phil- 
lips Control Corp., 59 W. Washing- 
ton St., Joliet, Ill. 

Circle 657 on page 19 


Cushion Clamp 


absorbs vibration 
and dissipates heat 


Stainless-steel cushion clamp re- 
sists temperatures to 1500 F. Both 
clamp and cushion are type 321 
stainless steel. Cushion is cor- 
rugated to furnish spring action 


for high-frequency, low-amplitude 
vibration and has flat surfaces for 
maximum tube contact and heat 
dissipation. Size range is 1-in. 
to 3in. ID. T. A. Mfg. Corp., 4607 
Alger St., Les Angeles 39, Calif. 

Circle 658 on page 19 


Solenoid Valve 


floating diaphragm gives 
unimpeded fluid flow 


Synthetic diaphragm in solenoid 
valve floats freely, providing high 
fluid flow. Unit is pilot operated 
with no metal-to-metal contacts to 
wear. It is adaptable for control 
of water, air, brine, light oils, in- 


MACHINE DESIGN 





An adjustable flow regulator 
adapted for manifold mount- 
ing. Sub-plate kits are fur- 
nished with built-in check 
valves for free reverse flow. 





a 


110534 Sub-Plate Kit 
with built-in check 


pendable, lightweight and easi- ; wire for free reverse 
ow. 
ly installed. 


They are interchangeable, de- 











Either right or left hand 
rotation of control handle 





is available. Maximum or 





minimum flow adjustable B 




















by 180° movement of this T |: aN 110516 Sub-Plate Kit. 





control handle. 














725 CUSTER AVENUE + EVANSTON, ILLINOIS 
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Here's How to Handle Corrosives 
‘at High Peripheral Speeds 


¥ 


CHEMLON YARN 
PACKING STYLE C-30 
Made of TEFLON* FIBER 
BY “JOHN CRANE” 


Chemlon Yarn Style C-30 extra tough packing gives you two 
important advantages not provided by other types of braided 
or molded Teflon packing: 1) positive sealing efficiency at high 
peripheral speeds; 2) cooler running stuffing box under severe 
service conditions. 

Style C-30 can be used to handle the most destructive acids, 
alkalis or solvents. The excellent thermal properties of Teflon, 
combined with the softness, resiliency and fluid retentive prop- 
erties of fine fiber construction, adapt it to high temperature 
conditions to +300°F. The packing is made firm and dense by 
means of a special process which eliminates large voids. 

HERE’S PERFORMANCE PROOF:—Fluid handled: 45% H.SO, 
(impure) at 170°F.—Operating conditions: 14” pump shaft at 
1700 rpm. or 555 fpm. peripheral speed. Results: 46 days good 
service. Previous best service record 7 to 10 days. 

Chemlon Yarn Packing Style C-30 is available in spool or coil 
form, in a wide range of sizes from 14" up. Can be lubricated with 
Teflon suspensoid or various types of lubricants. 


Send for Bulletin No. P-321. Crane Packing Co., 6425 Oakton Street, Morton Grove, Ill. 
(Chicago Suburb). in Canada: Crane Packing Co., Lid., Hamilton, Ont. 








YO crane PACKING COMPANY i@nk_ 


OFFICES IN ALL PRINCIPAL CITIES 
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dustrial gas, Freon 12 and 22, and 
other noncorrosive fluids from 0 to 
225 F. Valve will operate on pres- 


wy i 


sure differentials between 1 and 
250 psi. Jackes-Evans Mfg. Co., 
Controls Div., 4427 Geraldine 
Ave., St. Louis 15, Mo. 

Circle 659 on page 19 


Gear Motor 


for airborne 
strip-chart recorders 


This 400-cycle hysteresis synchro- 
nous gear motor is designed for 
airborne strip-chart recorders and 
other applications. Physically in- 
terchangeable with RBC-2505 60- 


cycle motors, it is designed for 115 
v, 400 cycle, 100 rpm, 7.5 oz-in. 
continuous-duty rating. Motor 
will also be available with other 
speeds, both synchronous and in- 
duction, with ratings adjusted to 
corresponding gear reductions. Na- 
tional Pneumatic Co. Inc., Holtzer- 
Cabot Motor Div., 125 Amory St., 
Boston 19, Mass. 

Circle 660 on page 19 


Pressure Transmitters 
light, compact units 
have high dynamic accuracy 


Synchrotel pressure transmitters, 
used in high-speed aircraft and 
guided missiles for transducing 
pressure values as electrical sig- 


MACHINE DESIGN 
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nals, are light, compact and have 
less internal static volume than 
previous models. Units are de- 
signed for use wherever accurate 
measurement of differential or ab- 
solute pressure functions are man- 
datory, and where space and 
weight are critical factors. Design 
permits increased application to 


problems of ultrasonic speeds and 
high altitudes. Total weight of 
the transmitters, enclosed in light- 
weight sheet metal cases, is 1 Ib. 
Diminished internal static volume, 
more precise calibration, and bet- 
ter temperature compensation pro- 
vide high dynamic accuracy. Kolls- 
man Instrument Corp., 80-08 45th 
Ave., Elmhurst 73, N. Y. 

Circle 661 on page 19 


Self-Locking Fastener 


blind-hole unit is 
vibration proof 


Nylon, self-locking, self-retaining 
fastening device provides positive 
fastening in blind spots. Unit 
joins two surfaces securely and 
provides strong threads in sheet 
metal. Device is nonthreaded Ny- 
lon nut that snaps into a square 
hole in inner surface of material 
being joined. Self-tapping screw 
driven into device engages mating 


portion and impresses threads on 
inner wall. As screw is tightened, 
counterbored section is drawn up- 
ward and outward, forming a rig- 
id collar behind the lower side of 
inner piece of metal, locking parts 
together. Constant grip of Nylon 
on threads of screw creates vibra- 
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ARWOOD Investment Casting may 
be the answer to your design problems when ferrous or non- 
ferrous parts or components must be of intricate shape and 


unusual contour, of metals difficult or impossible to machine, 


Problems like configuration, alloy selection, tolerances, sur- 
face finish and inspection standards affect production cost 
and performance. Choose wisely . .. Choose ARWOOD for 


design assistance and production efficiency. 


For complete information on Precision Investment Casting, 
write TODAY. 





ARWOOD PRECISION CASTING CORP. 
3 1 5 West 44th Street, New York 36, N. Y. 


PLANTS: Brooklyn, N. Y.—Groton, Conn.—Tilton, N. H.—Los Angeles, Calif. 
**PIONEERS IN INVESTMENT CASTING" 
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NO REBORING=- 


NOQ KEYSEATING- 


WAITING. 
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NOW Taper-Lock Double Strand Sprockets 
are available—from stock—ready for the shaft without 
re-machining! 

They offer all the advantages of Taper-Lock mount- 
ing. Easy on! Easy off! Precision machined at the fac- 
tory, they come to you with accurate, concentric bores 
—insuring full contact between hub and shaft. Taper- 
Lock grips with the firmness of a shrunk-on fit! 


There is no flange, no collar, no protruding part. 
Flush design means safety...If the sprocket becomes 
worn, you replace only the tooth part. The bushing is 


fax 


DODGE 


d and nd anid ¢ 


(amd 004 ound ¢ 


TAPER-LOCK SPROCKETS 
SINGLE AND DOUBLE STRAND! 


used again and again. And Taper-Lock bushings are 
interchangeable in Dodge Taper-Lock Sheaves, Coup- 
lings and Conveyor Pulleys! 

Taper-Lock Sprockets and Dodge Roller Chain (made 
to ASA standards) are stocked by Dodge distributors. 
Single Strand sizes range from No. 40 to No. 160, up 
to 112 teeth; Double Strand from No. 40-2 to 80-2, 
up to 102 teeth. Write for Bulletin A-644 containing 
selection, installation and maintenance data. 


DODGE MANUFACTURING CORPORATION 
3300 Union Street, Mishawaka, Indiana 





TAPER-LOCK 
CHAIN COUPLINGS 
Accommodates com- 
mon minor shaft mis- 
alignments. Provides 
strong, compact coup- 


| 
| » 
) 
j 


of Mishawaka, Ind. 


CALL THE TRANSMISSIONEER, your local Dodge Distributor. 
Factory trained by Dodge, he can give you valuable help on 
new methods. Look for his name under ‘‘Power Transmission 
Machinery” in your classified phone book, or write us. 


ling. Available with 
covers, for appearance, 
safety, dirt protection 
and lubrication — 
which increases ccup- 
ling life. 
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tion and shock-resistant assembly. 
Tru-Lok Fasteners Inc., Wood- 
bury, Conn. 

Circle 662 on page 19 


Gearmofor 


adjustable torque unit 
delivers up to 1000 Ib-in. 


Gearmotor has full starting torque 
and adjustable running torque. 
Unit is adaptable for valve operat- 
ing equipment, measuring devices, 
and other applications. Output 


torque is adjustable from 0 to 
1000 lb-in. at 100 rpm. Motor can 
be made to cut out at any prede- 
termined overload. Brown-Brock- 
meyer Co., Dayton 1, Ohio. 

Circle 663 on page 19 


Panei Meter 


has extreme 
sensitivity 


Combining extreme sensitivity with 
unusual shock resistance, panel 
meter has full scale range of 0 to 
20 mu amp, yet withstands over 
1200 ft-lb military shock test. 
Meter is completely sealed from 
front; molded-rubber base provides 
chock mounting and adequate seal- 
ing at rear. Assembly Products 
Inc., Wilson Mills Rd, Chesterland, 
oO. 

Circle 664 on page 19 


Subminiature Relay 


has high shock and 
vibration resistance 


Subminiature 3-pole relay occupies 
less than 1 cu in. of space. Desig- 
nated the KM, the relay is engi- 
neered for miniaturization .and 
multiplicity of action for such 
products as small business ma- 
chines, alarm systems, automated 
toys, remote controls and inter- 
com systems. Voltage range is up 
to 48 v de nominal with pull-in at 
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75 per cent of nominal. Coil has 
1 w power requirement and resist- 
ances to 6700 ohms. Temperature 
range is —45 to 55 C; shock re- 
sistance is 30 g; vibration resist- 
ance is 5 g in range from 10 to 
55 cps. Dimensions are 1% in. 
wide x 17/32-in. wide x 15/16-in. 
high. Potter and Brurafield Inc., 
Princeton, Ind. 
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Special Bearings 


designed to meet 
customer’s requirements 


Custom-designed and manufactured | 
antifriction bearings meet special | 
requirements such as high temper- | 


ature, corrosion resistance, non- 


magnetic properties or special con- | 
Bearings are also | 


figurations. 
manufactured to conduct or insul- 
ate electrical current. 


be extreme-precision type, low- 
torque, air or oil seal, high-load 
thin-wall, or self-aligning double- 
row types. Other varieties include 
linear bearings, thrust bearings, 
high-speed bearings, and shock-re- 
sistant bearings. Industrial Tect- 


onics, Inc., 3684 Jackson Rd., Ann | 


Arbor, Mich. 
Circle 666 on page 19 


High-Pressure Seal 


for banjo fittings 
at pressures to 5000 psi 


Seal assures zero leakage of air, 
oil or fuel from banjo fitting at 
pressures to 5000 psi. Temperature 
range is —65 to 350 F, or 500 F 
intermittent. Seal eliminates crush 





Units may | 





DODGE 
PRODUCTS: 


you should know 


TAPER-LOCK 


ALL-STEEL 
CONVEYOR PULLEYS 


— 
SC and SCM 


BALL BEARING 
PILLOW BLOCKS 


SEALED-LIFE V-BELTS 


Write for your copies. 
DODGE MANUFACTURING CORPORATION 
3300 Union Street + Mishawaka, Indi 
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Hydraulic PUMP-MOTOR 
delivers 2,000,../5,000x0 


MB 1.5 and PMB 1.5 Plain Mounting 
Weight 61% Ibs. 


EXTERNAL BLEED 
(FURNISHED : 
ROTATION ONLY), il Ya N. eT. OUTLET OR 


a 
| 




















ROTATION 1S 
OPTIONAL DEPENDING 
‘ails bei =e ON WHICH BLEED HOLE 

aben fil NLRT. INLET 1S PLUGGED. 














‘OR OUTLET 


| 

' 

+. 
MODEL NO. 
STAMPED HERE 























Also Base and Fiange Mountings 


New GEROTOR MB-PMB 1.5 PUMP-MOTOR 
opens wider horizons to the hydraulic designer 


2, 000 P.S.1.—5,000 R.P.M. 
a % Starting Torque 








|. Speed Range, at 


sje? consi Torque 
oz _bieyarelbility 
Lb te 3.4 H.P. 


Consult your GEROTOR seiner. Free literature on request . . . wrife: 
Paoguete Ihewugh Aid Power 4y- 


pene. 


ee ee th ee 








Hydraulic Variable 3 . PneuBin— 


Pumps Speed : 7 9 Pneumatic 
and Hydraulic Bin 
Motors . Transmissio : Evacuators : 
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washers, provides metal-to-metal 
contact of faying surfaces and as- 
sures no loss of seal due to cold 
flow, reverses or surges. Seal is 
reusable. Unit allows use of space- 
saving banjo fitting without main- 
tenance difficulties or leakage at 
boss and bolt head ends of fitting. 
Franklin C. Wolfe Co., Inc., 10567 
Jefferson Blvd., Culver City, Calif. 

Circle 667 on page 19 


T-Slot Bolts 


forged units have 
high tensile strength 


Forged T and T-slot bolts are two 
to three times as strong as ordinary 
bolts. Made of aircraft-quality 
alloy steel, bolts are heat treated 
to provide tensile strength of 150,- 
000 psi min. Forging technique 
provides maximum strength at 
critical stress points. Bolts heads 





are extra long for maximum bear- 
ing. Finish is black penetrate. 
JIC standard bolts are available 
in lengths from 2 in. up. Jergens 
Tool Specialty Co., 712 E. 163rd 
St., Cleveland 10, O. 

Circle 668 on page 19 


Small Motors 


can be mounted 
at any angle 


Small, lightweight capacitor-start 
and split-phase motors are avail- 
able with rigid or resilient base in 
NEMA 48 frame sizes. Lubrication 
system permits mounting sleeve 
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SHARONSTEEL 





Sharon Open Hearth Quality Forging 
Ingots — now available in Carbon and 
Alloy grades, with ingot weights up to 
109,000 pounds. Sharon Electric Furnace 
Quality Ingots — Stainless and Alloy 
grades, up to 50,000 pounds. e Sharon is 


for better FORGING PRODUCTION! 


also a prime supplier of billets, blooms 
and slabs — to customer specifications — 
in Stainless and Alloy grades. For prices 
— contact the Sharon Steel Corporation, 
Forging and Semi-Finished Steel Sales 
Department — or one of the district sales 
offices listed below. 


SHARON STEEL CORPORATION Shaw, Pemylana 


DISTRICT SALES OFFICES: Cnicaco, CINcINNATI, CLEVELAND, Dayton, Detroit, Granp RaApips, 


INDIANAPOLIS, Los ANGELES, MILWAUKEE, NEW 


York, PHILADELPHIA, RocHESTER, SAN FRANCISCO, 


SHARON, SEATTLE, MONTREAL, QuE., TORONTO, ONT. 





Solving a 
breakage problem 


AT CLOSE QUARTERS 


The manufacturer of this button-drill- 
ing machine had a tough problem: the 
universal joints on these parallel shafts 
carried such a torque load there were 
frequent complaints of breakage . . . yet 
the close centers prohibited use of a 
larger joint. 


THE SOLUTION was a Curtis Universal 
Joint of the same size. 





- 
Ss 6 6 10 12 14 16 18 20) 





Torque 
Curve 2” 
Curtis 
Universal 
Joint 












































STATIC TCS QUE IN 100 INCH LOS 
+ UNIVERSAL JOINTS 





CURTIS UNIVEPSAL JOINT CO INC 
SPRINGFIELD MASS 

ORSIONAL DEFLECTION IN DEGREES 
1234 6 8 10 12 14 16 18 20 


























This is only onesXof many problems 
solved by Curtis Joints — size for size 
the strongest universal joints designed 
for industry.. Selected materials, preci- 
sion engineering, and over 30 years’ ex- 
perience manufacturing universal joints 
make them that way 


14 SIZES ALWAYS IN STOCK — 
%” to 4” O.D. (6” joints on special order) 


Not sold through distributors. Write direct 
for free engineering data and price list. 
Os 


CEURTIS 


UNIVERSAL JOINT CO., INC. 


5 Birnie Avenve, Springfield, Mass. 


TRADE 


As near to you as your telephone 


ar | on on 
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bearing motors at any angle. High- 
tin babbitt bearings have excellent 
antiseizure and nonscoring charac- 
teristics, high corrosion resistance, 
and smooth performance with low 
temperature rise. Mylar paper- 





laminated slot insulation assures 
| long life. Wagner Electric Corp., 
6400 Plymouth Ave., Saint Louis 
14, Mo. 
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| Sintered Iron 


has free-machining 
characteristics 


Free-machining iron material, 
Powdiron FM, is pure sintered iron 
combining excellent machining 
properties with low cost. Use is 
for machined bearings and struc- 
tural parts. Machineability of new 
material is contrasted here with 
ordinary sintered iron. Machined 


surface of Powdiron FM is com- 
parable to mild steel. Bound 
Brook Oil-Less Bearing Co., Lincoln 
Blvd., Bound Brook, N. J. 

Circle 670 on page 19 


Step Valves 


have actuation pressure 
independent of line pressure 


Large, direct air passages give step- 
valves quick action. With spool- 
type plunger, effort to actuate 
valve does not increase with air- 
line pressure. Valve requires 834 
lb of force to operate when line 
pressure is from 30 to 120 psi. 
Valve bodies are aluminum; plung- 
ers are hard-chrome plated steel; 








Courtesy Taylor Instrument Companies 


LOOK NO FURTHER 
FOR QUALITY... 


This Taylor Recording 
Thermometer, #76JM117, is a 
one pen mercury actuated 
recording instrument which includes 
5 feet of BISHOP Accuratus* 
tubing. (Capillary lengths in 
excess of 200-feet are not 
uncommon when the use of 
Accuratus* tubing is indicated) 
And why BISHOP capillary 
tubing? Becouse Taylor uses only 
the highest quality components 
in its instruments. 





The next time you need small 
diameter stainless steel tubing, 
look no further for quality 
tubing. BISHOP has it. 
Mechanical—Capillary— 
Hypodermic 

Seamless or Welded and Drawn 
(.008” to 1” O.D.) 

Also, investigate Bishop 
fabricated parts to save you 
time and money. 


Catalog and Prompt 
Quotations on Request 


{ }. BISHOP & CO. 
| SSH Platinum works 


Stainless Steel Products Division 
Malvern, Pennsylvania 


"Trademark 
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caps, plugs and hose nipples are 


brass; seals are Hycar. Valves are | 


either spring-return or self-locking | 


type, normally open or closed. Mead 
Specialties Co., Dept. SV-25, 4114 
N. Knox Ave., Chicago 41, II. 
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Ammeter 


vibration-proof unit 
has easily read dial 


Linear-scale ac ammeter has even- 
ly spaced dial markings which 
eliminate crowded divisions at end 
of scale. Deflection of needle is 
directly proportional to current. 
Unit is resistant to extreme vibra- 
tion, shock, moisture, salt spray 


and fungus from sea level to 50,- 
000 ft and from —55 to 71 C. 
Standard model is 200/115 v, 3- 
phase, 400 cps; special models are 
available. Ammeter has _ trans- 
former that converts ac current to 
5-ma level. Accuracy is +2 per 
cent, power consumption is under 
0.05 va at full scale deflection, 
breakdown potential is 2000 v and 
overload capacity is 300 per cent. 
Range is 0 to 115 amp. Beckman 
Instruments Inc., Beckman/Helipot 
Corp., Newport Beach, Calif. 

Circle 672 on page 19 


Thread-Cutting Fastener 


cuts threads in 
die-cast or forged parts 


Thread-cutting fastener is designed 
to hold die-cast or cold-forged 
name plates, emblems or trim to 
sheet metal surfaces. Device cuts 
clean, deep threads on nonthread- 
ed studs. Unit makes a watertight 
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Best low-cost way to incorporate 
variable-speed into machine designs 





Choose from 8 size Ye to 
15 hp .. 1.75:1 to 4:1 speed 
ratio. Converts any standard 
constant-speed motor 


variable speed drive. 


MAXIMUM TO MINIMUM, .( JT SPEED. POSITIONS 


REEVES. 


Vari-Speed Motor Pulley 


me Specify this easy, economical way to efficient and ver- 


satile use of the machines you design. REEVEs-equipped 
machines adjust immediately to a variety of production 
speeds, production processes . . . you substantially reduce 
design and capacity obsolescence. 


$ sate Your REEVES representative will be glad to 
Y o. 

“a work with you on the application best suited 

to your design. Offices in principal cities— 


or write direct for Catalog H28-V545. 


REEVES PULLEY COMPANY 
Division of RELIANCE tihsthiiet-« 


Columbus, Indiana 
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4 
SECTIONAL — Simplest 
weave, for light loads 
where low initial cost is 
desired. 


BALANCED—High tensile 
strength, low ultimate cost 
belting for operation up to 
1300°F. Resists distortion, 
designed for straight travel. 


ROD-REINFORCED — 
Highest tensile strength 
and low thermal capacity. 
it is recommended for 
high temperatures, up to 
2100°F. Undergoes mini- 
mum elongation and width 
contraction, 


DUPLEX — Compact struc- 
ture of great density pro- 
vides high tensile strength. 
The close mesh provides 
smooth surface for carry- 
ing small parts and plastic 
materials. 


if 


GRATEX—Close spirals 
retain the advantages of 
Balanced weave, while 
adding strength. For cold, 
medium and some high 
temperature applications. 


DOUBLE BALANCED— 
A widely used weave com- 
bining open mesh of Bal- 
anced weave with the 
strength of Gratex. For 
cold, medium, some high 
temperature applications. 


INTERWOVEN 


How to select 


WOVEN WIRE 
CONVEYOR BELTS 


for Continuous Processing 














As you know, woven wire conveyor belts are 
widely used for combining movement with processing 
in many continuous operations—heat treating metal 
paris; washing, blanching and freezing food prod- 
ucts; annealing and decorating glassware; washing 
and curing chemicals and plastics. 


However, there is no single type of belt construc- 
tion suitable for all processes. Some require a smooth 
belt surface, some exceptional strength, others high 
corrosion resistance. That’s why Cambridge has nine 
basic weaves available. Each is shown here with the 
important characteristics of the six most frequently 
used. The last three are special-purpose weaves for 
installations requiring exceptionally smooth surface 
and dense mesh for very small parts. 


There are several factors that generally influence 
selection of weave, mesh size and metal or alloy from 
which the belt will be woven. Among them are: size, 
weight and shape of product to be handled; tempera- 
tures to which belt will be subjected; presence of wet 
or corrosive conditions. Even after these have been 
decided, overall belt construction must be designed 
to meet individual requirements—type of drive, sel- 
vage, support and special surface attachments must 
be selected. 


You can see, then, that designing for continuous 
processing with woven wire conveyor belts is not a 
simple “‘nuts and bolts’’ job. Ramifications build up 
rapidly to demand the service of a specialist. That’s 
why Cambridge maintains a staff of competent Field 
Engineers to help you select the Woven Wire Con- 
veyor Belt to make your installation most efficient. 
You can rely on the experience of these engineers to 
specify just the right belt for you. In addition, they 
are thoroughly familiar with basic conveyor design. 
For the name of your nearest Cambridge Field 
Engineer, look under ‘‘Belting, Mechanical’’ in your 
classified telephone book. Or, write direct. Also ask 
for 130-page Reference Manual of specifications and 
design information. 


THE CAMBRIDGE WIRE CLOTH COMPANY 
DEPT. N, CAMBRIDGE 1, MARYLAND 
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sea! when used with preassembled 
plastic sealer. Device is low cost, 
reusable, self-locking, vibration- 
proof and, with spring take-up, 
gives flush mounting on flat or con- 
toured surfaces. Unit is available 


to fit 4g and 3/16-in. studs. United- 
Carr Fastener Corp., Carr Fasten- 
er Co., Cambridge, Mass. 
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Snap-Acting Thermostat 


miniature unit 
weighs 4 grams 


M1 hermetically-sealed, vibration- 
resistant, snap-acting thermostat 
has temperature setting range from 
—65 to 400 F. Unit is preset at 
factory and is nonadjustable. Rat- 
ings are: 7 amp resistive, 30 v ac/- 
dc; 6 amp resistive, 125 v ac; or 3 
amp resistive, 250 v ac, depending 
upon life expectancy. Weight is 
4 grams. Insulation resistance is 
1250 v ac, 60 cps for 1 min. Unit 


either opens or closes on tempera- 
ture rise, as desired. Overall height 
is 0.500-in. Metals & Controls Corp., 
Spencer Thermostat Div., Attle- 
boro, Mass. 
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Machine Heads 


versatile line of 
standard components 


Spindles, slides and feeds for grind- 
ing, milling, boring, routing or drill- 
ing may be combined to form ma- 
chine heads for standard or special 
machine tools. Unit shown has 
individually-designed base as- 
sembled with standard components 


MACHINE DESIGN 








Leading tank carrier standardizes on 


Fuller 8-speed ROADRANGER® Transmissions 


Fuller 8-speed, semi-automatic 
RoOADRANGER Transmissions will be 
standard in all new tractors purchased 
by Leaman Transportation Corpora- 
tion, Leaman Transportation Com- 
pany, Inc. and Chemicai Tank Lines, 
Inc. of Downingtown, Pennsylvania. 

The combination of these three 
companies comprises one of the 
largest tank carrier operations in the 
world. Since 1930 this organization 
has used hundreds of Fuller Trans- 
missions . . . and recently added 36 
new R-46 RoADRANGERS in new 


Fuller R-46 i 
ROADRANGER 


Semi-Automatic 
Transmission 
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White and International Tractors as 
part of the standardization on this 
8-speed model. 

Says D. A. (Dave) Ross, Vice 
President: “We get the best service 
from the 8-speed ROADRANGERS in 
our operation. Some have over 
150,000 miles on them, and have not 
been touched. Our maintenance cost 
is much less... in fact, we haven’t 
had any cost to date since we have had 
no trouble. 

“50% of all our mileage on the 
petroleum hauls is with an empty 
trailer. With the .577 ratio in the rear 
axle and 10 x 22 tires, we can main- 
tain a good road speed empty in 8th 


gear... at approximately 2000 to 
2200 rpm with our gas engines. This 
results in better fuel mileage and bet- 
ter engine life. And, we are able to 
maintain a higher rpm at all times 
under a load. Our drivers now 
say they wouldn’t have any other 
transmission.” 

For efficient, dependable operation 
of your trucks, ask your truck dealer 
now for full details on the easiest- 
shifting transmission available for 
your operation. Specify Fuller Roap- 
RANGER Transmissions for faster trip 
time, lower fuel consumption, longer 
engine life, less driver fatigue and 
greater profits. 


7FULLER MANUFACTURING COMPANY 
Transmission Division, Kalamazoo, Michigan 


Unit Drop Forge Division, Milwaukee 1, Wisconsin © Shuler Axle Company, Lovisville, Kentucky (Subsidiary) * Sales & 


Service, All Products, Western District Branch, Oakland 6, Calif 
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ia and South District Office, Tulsa 3, Oklahoma. 
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ACKS for aii Trades 


100-Ton Hydraulic 
Model 100B12 


Ratchet Lowering 
Model 2215SB 


Ball Bearing Journal 
Model 2510 


Hydraulic “Two Speed" 


Model 25B22 


a 


Hydraulic “Hi-Speed” 
Model 8-9A 


WESTERN 


No matter who your customers are... 
No matter what kinds of jacks they use... 
You can supply them IF you carry... 


WESTERN 
‘sua WACKS 


WESTERN is a new name in te jack manufactur- 
ing industry, having only recently acquired 
the jack portion of Bupa Division, Allis- 
Chalmers Mfg. Co. This old, established, 
highly-reputable line of 120 models in 9 basic 
types is wisely and widely diversified and thor- 
oughly complete . . . expertly selected to sup- 
ply the mass demands of the whole industrial 
market ... capacities from 3 to 100 tons... 
closed heights from 634” to 38”... lift ranges 
from 14%” to 24”. This means every jack is a 
fast mover because comprehensive user-market 
analyses pinpoint each as a necessity by many 
basic industries. 

But more has been changed than just the 
name. WESTERN is determined to become the 
most aggressive jack manufacturer... the 
most attractive to buy from... the most profit- 
able to represent. Here’s how: 


New Parts 





New SERVICE Policy 


Authorized Repair Stations 
strategically located through- 
out the nation carrying com- 
plete stocks of replacement 
parts. Prompt repair service. 


New DELIVERY Policy 


WEsTERN has built up an 
inventory of all models, all 
types. No matter how large 
an order is placed, deliveries 
will start immediately. 


New ADVERTISING 
Policy 


Hard-hitting, interest-pro- 
voking ads are scheduled in 
leading industry publications 
...urging users to buy 
WESTERN Jacks from West- 
ERN Distributers., 


New SALES Policy 
New representatives have 
been appointed. Territories 
are set up so representa- 
tives can concentrate on 
proper servicing of selected 
distributors. 


New DESIGN Policy 
WESTERN has announced a 
100-ton hydraulic jack— 
illustrated above. More jacks 
are on the drawing board... 
others are being redesigned, 
refined, improved. 


New PROMOTION 
Policy 

Direct mail pieces for dis- 
tributors to send to their cus- 
tomer lists... ample space 
for imprinting so distributors 
can tie-in with WEsTERN’s 
national advertising. 


WRITE... for Catalog... for All Facts 


RAILROAD 
SUPPLY 
COMPANY 


Industrial Division—2400-2434 S. Ashland Ave., Chicago 8, Ill. 
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and includes standard feed with 
hydraulically controlled air cyl- 
inder, nonmetallic ways and covers. 
Head is a standard vertical angle 
plate with micrometer dial for ver- 
tical positioning of two speed 
3600/1800 rpm 10/5 hp milling 
spindle. Spindles are available 
with all standard tapers. Standard 
Electrical Tool Co., 2488 River Rd., 
Cincinnati 4, Ohio. 

Circle 675 on page 19 


Electronic Speed Control 


static unit for 
motors to 150 hp 


vy 


‘| sw 
ce 


9 arayal Bx meee FOR 


Electronic variable-speed control 
has capacity from 30 to 150 hp. 
Unit consists of operator’s control 
station, electronic control unit and 
de motor. System is ignitron-con- 
trolled, 3-phase, full-wave rectifier 
type with firing circuit, variable 
field supply, tachome r feedback, 
and protection and sw.tchgear cir- 
cuits. Dynamic braking, revers- 
ing, forward-reverse-jog operation, 
acceleration limiting and armature- 
current limiting are standard fea- 
tures. Except motor, all compo- 
nents are static with no inertial 
properties to slow response. Unit 
provides full-field starting, smooth 
acceleration, and infinitely variable 
speed over a range of 32:1 with 
regulation of 114 percent or closer. 
Raytheon Mfg. Co., Commercial 
Equipment Div., 100 River St., 
Waltham 54, Mass. 

Circle 676 on page 19 
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ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Timing Generator 


has adjustable 
pulse duration 


Timing generator, which can pulse | 


at any rate from 1 to 3000 cps, ac- 
tuates a neon bulb to establish a 
time base on film for data-record- 
ing camera or similar application. 


Unit withstands acceleration in ex- | 


cess of 100 g and performs at 
high vibration levels and high al- 
titudes within temperature range 
of —65 to 185 F. Electromation 
Co., 116 S. Hollywood Way, Bur- 
bank, Calif. 

Circle 677 on page 19 


Microfilm System 


produces reproductions with 
better quality than original 


New 105-mm microfilm system 
successfully duplicates engineer- 
ing drawings as large as 36 x 54 
in. sheet size and larger in roll 
lengths. Second originals are bet- 
ter than true originals, with 75 per 
cent average improvement (with- 
out artwork) for restoration of 
solid or worn tracings. Negatives 
do not require corrective opaquing 
and need no artwork except to 
delete unwanted features on draw- 
ing itself. System yields full-sized 
second originals on Photact pa- 
pers, cloth or film of such high 
quality that original penci] or ink 
tracing may be destroyed. Nega- 
tives are nominally 4 x 6 in., and 
fit standard 5 x 8 in. filing draw- 
ers. System includes screen pro- 
(Continued on Page 168) 
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Cmall 
Motors 


condensed catalog helps select exact motor needed 


BARBER 
COLMAN 


Get this helpful catalog of Barber- Colman 
a-c shaded pole motors. Designed 

for applications requiring long 

life, rugged construction, these 

quality motors with high start- 

ing torque, low-inertia rotors 

provide quick, positive starting un- 

der adverse conditions. Various models 

of the four types shown below. 


REVERSIBLE MOTORS 


Adaptable to a variety of control 
circuits to meet many different 
requirements demanding a compact 
and powerful fast-reversing motor. 
Widely used for servo-mechanisms, 
remote switching and positioning 
devices, voltage regulators, pen 
drives. Available with gear trains, 
open or enclosed, in wide range of 
ratios. Low-inertia rotors permitting 
rapid reversing and follow-up make 
these motors ideal for many elec- 
tronic control circuits. 


UNIDIRECTIONAL SYNCHRONOUS GEARED 
For driving pumps, projec- For chart drives, timers, For vending and office 
tors, blowers ond fons for microfilm cameras, oscil- machines, rotisseries, TV 
refrigerators, gear trains lographs, and similar ap- tuners, program switches, 
for vending and office plications. etc. Model shown for over- 
machines, etc. hanging loads. 


the complete line of Barber-Colman motors includes uni- 
directional, synchronous, and reversible motors — up to 1/20 
hp. With and without reduction gearing — open or enclosed 
types. Expert engineering service available to help you get the 
exact motor for your application. Write today for your free 
copy of Catalog F-4271-6. 


BARBER-COLMAN COMPANY 


Dept. M, 1273 Rock Street, Rockford, Illinois. 


Small Motors -Automatic Controls .Industrial Instruments «Aircraft Controls eAir Distribution Products 
Overdoors and Operators « Molded Products « Metal Cutting Tools « Machine Tools « Textile Machinery 
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ONE OF A SERIES OF INFORMATIVE MESSAGES FROM HYATT... 


Hyatt’s Simplified Fitting 
Practice for Bearing Races 


HwATT pioneered the use of carburizing 


type alioys in order to obtain 


the advantages of heavier race fits 


To obtain the best possible performance, roller 
bearing races must be assembled on shafts and in 
housings with certain fits developed by design and 
experience. The most frequent condition to be 
met is a rotating shaft where specific load and speed 
conditions must be satisfied with appropriate race 
fits. These vary according to the manufacturer, 
and in the case of some manufacturers, according 
to the application. Naturally, the fits will also 
vary according to bearing type and size. 


1 CARBURIZING PERMITS 
. HEAVIER INTERFERENCE FITS 


Taking the standard metric series of cylindrical roller bearings 
for an example, the bearing user has the choice of two fitting 
practices. One involves the use of inner races made of through- 
hardening steel, which dictates fairly light interference fits to 
avoid splitting. The other utilizes races made of low carben 
steel carburized and hardened to develop a suitable surface 
hardness and a tough ductile core. The latter permits much 
heavier interference fits and has the additional advantage 
of eliminating all auxiliary holding devices, because the race 
becomes practically an integral part of the shaft. (Figs. 1, 2.) 


2 HEAVIER FITS SIMPLIFY 
" MOUNTING, REDUCE COSTS 


Hyatt originated the carburized race and the system of 
relatively heavy inner race fits to simplify bearing mounting 
and eliminate the need for retaining devices. Practically all 
HYATT inner races are made from nickel alloys of the car- 
burizing type. They permit mountings of the simplest type 
and lowest over-all cost. Furthermore, the shoulders of HYATT 
carburized races will withstand considerably greater impact 
loads than will ordinary races. (Figures 3 and 4.) 
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HYATT METRIC ISERIES 
OUTER RACES MAY BE 
MADE OF EITHER HIGH 
or -4-10)\ mC) MOF) -4-10] I PAIN IC 
GRADE ALLOY 


HARD CASE OF 
SUITABLE DEPTH 


A HYATT MOUNTING IS 
ALWAYS OF THE SIMPLEST 
DESIGN AND LOWEST 
IVERALL Ci 
INNER RACE 
ASSEMBLED WITH 
ARELATIVELY HEAVY 
INTERFERENCE FIT 
BECOMES AN 
INTEGRAL PART 
OF THE SHAFT . 


MACHINE DESIGN 





a 


Hyatt inner race being centerless I. D. (inside diameter) ground to close tolerances. 


There are two fitting specifications which apply to HYATT 
inner races, depending on whether the inner race rotates or is 
stationary in operation. Remember, with both inner and 
outer race, the rotating member is assembled with heavier fit. 


3 HYATT INNER RACES CAN SBE 
" EASILY SHRUNK ON SHAFTS 


HYATT inner races may be mounted on shafts by pressing or 
shrinking. Where shrinking practice is employed, first heat 
the race in oil held at a temperature not over 300°F, or in an 
electric oven under a similarly controlled temperature, until 
it expands sufficiently to be slipped into position. The required 
interference fit will develop as the race cools in place. For 


THE SHOULDER OF A CARBURIZED RACE 
IS STRONGER AGAINST 


MPACT LOADS 
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special conditions of fit involving hollow shafts of varying 
sections or multiple housings of dissimilar metals, consult 
your HYATT Sales Engineer from our nearest sales office. 


COMPONENT PARTS OF A 
HYATT ROLLER BEARING 





YoU WILL FIND MORE DETAILS 
in HYATT Catalog No. 150. If you do not have 
a copy, write Hyatt Bearings Division, General 
Motors Corporation, Harrison, New Jersey. Sales 
offices at Harrison, Pittsburgh, Chicago, Detroit 
and Oakland, California. 


GM 
aaa 


Hiy-ROLL BEARINGS 


FOR MODERN INDUSTRY 
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PILTRATION NEWS 


Filter to 40 microns, 
turn handle to clean! 


You can clean this 40-micron filter sim- | 





ply by turning the handle at intervals—or | 
turn shaft continuously with motor drive. | 


It’s Cuno’s SUPER Auto-Klean— using 


a completely new principle in metal edge- | 


type filtration. 

For compact, economical engine fuel and 
lube, machine-tool coolant and cutting 
oils, and a wide variety of process fluids, 


SUPER Auto-Klean offers: 


Complete protection against solid parti- | 
cles larger than 40 microns—actually | 


0.0015”. Can’t rupture or channel. 


No cartridge changes— just turn handie | 


frequently to clean and, at intervals, re- 
move plug and drain sump. 


Low pressure drop—3 psi drop with flow | 


rate to 45 gpm for 8” long by 244” diameter 
cartridge and fluid of 200 SSU viscosity. 


All metal construction—available in stain- | 


less steel for corrosion-resistance. 


Standard housings—available with Cuno’s 
standard AUTO-KLEAN housing; available 
also for integral sump mounting. 


Write today for complete data on this out- 


standing Cuno filter development. Ask for | 
Catalog SAK-057. The Cuno Engineering | 
Corporation, 14-1 South Vine Street. Mer- | 


iden, Conn. 


7s % 


MICRO-KLEAN (fibre cartridge) 
PORO-KLEAN (porous staintess steel) 


AUTO-RLEAN (edge-type) = 
FLO-KLEAN (wire-wound) 


Circle 502 on page 19 
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(Continued from Page 165) 
jectors, table-top viewers with 8 
x 12 in. surface and large-sized 
viewing tables for drafting room 
use. Micro-Master Inc., Kansas 
City, Mo. 
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Accelerometer 


measures accelerations 
in two planes 


Small, lightweight potentiometer- 
type accelerometer measures lat- 
eral accelerations in two mutual- 
ly perpendicular planes. Instru- 
ment will operate at temperatures 
from —10 to 1800 F. Unit is avail- 
able in ranges from +2 g and 
+30 g. Genisco Inc., 2233 Fed- 
eral Ave., Los Angeles 64, Calif. 

Circle 679 on page 19 


Graph-Making Tapes 


speed graph and 
chart-making 


Graph and chart-making is 
speeded with self-adhesive ace- 


tate-fiber tapes in various widths, 
colors and designs which are 
readily applied to any surface. 


Narrower widths can be curved 
easily. Tapes come in 15 colors, 
6 widths from 1/32 to 1 in., and 
9 striped designs. American Chart 
Service Inc., 101 Dover St., Som- 
erville 44, Mass. 
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Voltage Generator 


for low frequency 
analysis purposes 


Random voltage generator pro- 
duces low frequency noise with 
controlled power frequency spectra 
and predetermined amplitude prob- 





“ADVISORY 
“LEVEL 


MECHANICAL 
STANDARDS 


ENGINEER 


adi 


The Missile and Ordnance Systems Department of 
General Electric, prime contractor for the ICBM and 
IRBM nose cones, now has an excellent position avail- 
able on its staff for a Mechanical Standards Engineer 
with proven analytical ability capable of working effec- 
tively with different individuals and groups. 


Position Responsibilities: Develop departmental me- 
chanical components standards; participate in company, 
industry, professional society, and government standards 
work. Advise all elements of the department regarding 
mechanical engineering standards. 


Position Requirements: At least five years’ experience 
in mechanical engineering standards at professional 
level, or at least eight years’ mechanical engineering 
design and manufacturing engineering experience, at 
least two years of which were concerned with machine 
parts and components rather than with systems and 
products. 


Salary and benefits are liberal, and the facilities and 
equipment are excellent. We hold prime contracts of a 
long-term nature with all of the armed services. Our 
Manager of Engineering Administration will review 
your resume and, if your qualifications are appropriate, 
invite you to visit our Philadelphia location at our ex- 
pense for a personal interview. If you prefer, you need 
not reveal your present employer. 


Please send resume in confidence to: 
Mr. John Watt, Technical Recruiting, Room 570-1 


MISSILE & ORDNANCE SYSTEMS DEPARTMENT 


GENERAL @@ ELECTRIC 


3198 CuestNuT STREET, PHILADELPHIA 4, Pa. 
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ability characteristics. Unit is 
available in six models covering 
frequency range from 0.01 to 5000 





cycles and to 1 and 5 megacycles. 
White noise produced has power | 
frequency spectra flat within 1 db | 
at all frequency ranges. Intercon- | 
tinental Dynamics Corp., 170 Cool- | 
idge Ave., Englewood, N. J. 
Circle 681 on page 19 


Vernier Compass 


gives 24 in. diam circle 
with 0.001-in. accuracy 


Precision layout beam-compass and 
scriber with 12 in. scale provides 
24-in. diam circle. Vernier gives 





accuracy to 1/128-in. or 0.001-in. 
Both legs of compass are fitted 
with removable phonograph-needle 
points to produce extremely fine 
lines. Unit comes with hardwood 
case and extra needles. Titan Tool 
& Supply Co. Inc., Dept Q, 1419 
Hertel Ave., Buffalo. 
Circle 682 on page 19 


Sonic Gas Analyzer 


is ultrasensitive 
unit with wide range 


Differences in the velocity of 
sound in various gases are meas- 
ured by frequency shift in a sonic 
gas analyzer. Featuring exception- 
al range and rapidity of analysis, 
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4353 DUNCAN AVE. 


mie rr STEP SPEED CONTROL 


WITH A 


Cavisl of the wrist / 


— Baldor 


ADJUSTABLE SPEED 
“MOTOR SYSTEM 


¢ Easy to install...simple to service! 

¢ No troublesome protective relays! 

¢ No flashing contactors! 

¢ No complicated electronic adjustments! 














Specially designed for machines where friction or torque is con- 
stant from high to low speed. Motor-generator set, controller and 
drive motor can be mounted independently, in any position. 


@ One control for all adjustments. 0 to 2400 RPM in 30 steps of 
80 RPM, forward or reverse. 


@ Totally enclosed Streamcooled construction ...vernier rheo- 
stat for infinite speed control between steps... jog switch for 
machine adjustments... reversing switch changes rotation . . 
many other features. 


@ Ideal for use on conveyors, pumps, mixers, shaker screens, 
packaging machines, fans and blowers, farm machinery, gover- 
ncr controls, similar machines. 


For complete engineering data 
write for Bulletin SP-600 


BALDOR ELECTRIC COMPANY 


ST. LOUIS 10, MISSOURI 
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On which of these 
can you use help? 


PRODUCT DESIGN 
& DEVELOPMENT 
MANUFACTURING 
COST ANALYSIS 

















|} PRODUCTION 
PROCESSING 


TOOL & 
DIE DESIGN 
ae DESIGN 


TIME STUDIES 
AND ANALYSIS 














AUTOMATION 
DEVELOPMENT 












PLANT LAYOUT 
SPECIFICATIONS 


Fad 


~ 





PRODUCTION & 
QUALITY CONTROL 














If you have a single check in the “can use help” column, 
you need the services of Pioneer Engineering & Mfg. Co. Our 
complete, contract engineering services are available when 
and where you need them. For more information, contact our 
chief engineer. He'll see that you get it immediately. 


snce Do —— 
/931 Riprortarcet yo 


INDUSTRIAL ENGINEERS, CONSULTANTS & DESIGNERS 
BRANCH OFFICES IN DAYTON, OHIO, WASHINGTON, D. C. and TORONTO, ONT, CAN. 
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the unit has sensitivities as high 
as 0.005 per cent of oxygen and 
0.00061 per cent of hydrogen ‘n 
air. Sensitivity remains constant 
over complete range of instru- 
ment. National Instrument Lab- 
oratories Inc., 6108 Rhode Island 
Ave., Riverdale, Md. 

Circle 683 on page 19 


Drafting Table-Desk 


provides efficient 
use of floor space 


Drafting-reference unit allows 
flexible, productive use of floor 
space. Stacor-Matic table serves 
man in front as reference facili- 





ty and man behind as drawing 
table. Drawing table has wide- 
range height and slope adjust- 
ments. Reference section has 
drawer and file space. Stacor 
Equipment Co., 768 E. New York 
Avenue, Brooklyn 3, N. Y. 

Circle 684 on page 19 


Temperature Control 


is ultrasensitive unit with 
+ 0.5 per cent accuracy 


Sensitivity of thermistor bridge 
circuit is combined with the dual 
indicating and controlling func- 
tions of a contact meter-relay in 





a temperature control package. 
Unit acts upon’ temperature 
change of only 0.075 F. Range is 
—103 to 572 F. Indicating ac- 
curacy is + 0.5 per cent of full 
scale. Assembly Products Inc., 
Wilson Mills Rd., Chesterland, 
Ohio. 

Circle 685 on page 19 
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often copied—never equalled 
... and in high speed steels, 
nothing has ever equalled REX 


Crucible’s REX® high speed steel is in a class by itself 
—has been for more than half a century. And it gets 
better every year. New improvements in manufacturing 
techniques have brought even greater uniformity and 
quality to its well-known properties. 

But prove this for yourself —shop-test the new REX 
in your own plant. Check its structure, uniformity, 
response to heat-treatment — all-around tool perform- 
ance. Try REX any way you like — you'll see for 
yourself why the new REX is still the standard for 
comparison in every high speed steel application. 

You can get REX from stock from your nearby 
Crucible warehouse—or promptly by direct mill deliv- 
ery. For further information on REX and the many 
other Crucible special purpose steels, send for the 
Crucible Publication Catalog—it’s yours for the asking. 
Crucible Steel Company of America, The Oliver Build- 
ing, Mellon Square, Pittsburgh 22, Pa. 


| C he U C i & LE| first name in special purpose steels 


Crucible Steel Company of America 
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elach 

inetallation 

coete with 
FEDERAL 
PACIFIC 


Combination | 


Motor 
Starters 


Finest Products Engineered 


FEDERAL PACIFIC ELECTRIC 


COMPANY 
50 Paris Street, Newark 1, N. J. 


THERMAL MAGNETIC 
CIRCUIT BREAKER 
permits harmless 
temporary overloads; 
trips instantly when 
= overload becomes 
dangerous... offers 
quick- make, “quick- 
break action, ‘thermal 
tripping element and 
© deionization arc 
quenchers. 





DISCONNECT SWITCH 
designed for cool op- 
eration, safety and 
long life. Features 
clear visibility, posi- 
tive circuit opening 
and silver plated cur- 
rent carrying parts. 





NOW Federal Pacific does away with 
the need for separate motor controls 
and safety switches or circuit breakers! 
Now you can meet all your needs with 
one simple space-saving device...and 
save money while you do it! You install 
only one device—save valuable time— 
conserve precious space! Faster, easier 
installation more than offsets the 
slightly additional cost. 
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Recent Books 


Engineering Inspection, Measure- 
ment and Testing. By H. C. Town 
and R. Coiebourne; 192 pages, 6 by 
9 in., clothbound; published by Philo- 
sophical Library Inc., 15 E. 40th St., 
New York 16, N. Y.; available from 
MACHINE DESIGN, $8.75 postpaid. 


This book describes modern 
methods of measurement and test- 
ing and is intended for student 
and practicing engineers. Equip- 
ment used for dimensional and sur- 
face finish inspection are described. 
The chief value of this book for 
the designer lies in the fact that 
proper dimensioning practice can 
make inspection both more econom- 
ical and more satisfactory for 
separating usable from nonusable 
parts. A thorough knowledge of 
inspection equipment and methods 
aids the selection of tolerances and 
measuring points. 


DURAKOOL 


Tilt Switches 
are the Life of your 
Automatic Controls 


Cobalt File. 108 pages, 8% by 11 
in., paper covers, 3-hole punched loose 
leaf; published by and available on 
letterhead request from Cobalt In- 
formation Center, Battelle Memorial 
Institute, 505 King Ave., Columbus 
4, @, 


Tilted Down 
—On 


The purpose of this compilation 
is to present in one place the phase 
diagrams and references for all 
¢ cobalt systems. Included are re- 
tures that deliver ated ports of considerable research on 
of trouble-free perform- allotropy of cobalt and on binary 


ance on the most difficult : 
: : and more complex systems with 
assignments you can find. omuth 


Operating under sealed- 
in, pressurized hydrogen 
gas, it takes 24 hours, fast 
cycling schedules in stride. 
7 sizes, 1 to 65 amperes. 
Send for Bulletin 525. 


Tilted Up % 
—Off This steel-clad Durakool 
mercury tilt switch has 
unique construction fea- 


FA LTERIN G 
2 ‘ 

Applied Metallurgy for Engineers. 
By Malcolm 8. Burton, School of 
Chemical and Metallurgical Engi- 
neering, Cornell University; 407 pages, 
6 by 9 in., clothbound; published by 
McGraw-Hill Book Co. Inc., 330 W. 
42nd St., New York 36, N. Y.; avail- 
able from MACHINE DESIGN, $7.50 
postpaid. 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 


‘Durakool 2: 
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ALL- STEEL. 
MERCURY 


This text describes the metal- 
lurgical principles involved in cast- 
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Library 





ing, metal working, welding, heat 
treatment and powder metallurgy. 
These processes are discussed from 
an engineering viewpoint, including 
the metallurgical factors that con- 
trol selection of suitable processes 
and the influence of the process on 
the final product. Recently devel- 
oped processes such as shell mold- 
ing, inert-gas shielded-arc welding 
and vibrationless midair forging 
are included. 


Manufacturers’ Publications 


Westinghouse Ready Guide. 44 
pages, 84% by 11 in., paperbound, side- 
stapled; published by and available 
from Westinghouse Electronic Tube 
Div., Dept. T-286, Route 17, Elmira, 
N. Y.; 35c per copy. 


Booklet presents over 450 re- 
ceiving tubes representing 95 per 
cent of tubes used in radio and 
television circuitry. Tube-socket 
diagrams appear on same page with 
data. 


Casting Design as Influenced by 
Foundry Practice. 64 pages, 8% by 
11 in., paperbound; published by and 
available on letterhead request from 
Meehanite Metal Corp., 714 North 
Ave., New Rochelle, N. Y. 


This manual provides usable 
working data on casting design. 
It treats the form of design, the 
method of making patterns, mold- 
ing procedure, characteristics and 
behavior of metal in the mold, and 
other elements involved in design 
and production of sound castings. 


Government Publications 


Technical Problems Affecting Na- 
tional Defense. 28 pages, 8 by 10% 
in., paperbound, sidestapled; available 
from National Inventors Council, 
U. 8S. Department of Commerce, 
Washington 25, D. C. 


This report is a cumulative re- 
print, with current corrections and 
additions, of earlier lists of fields 
in which inventions or research is 
desired. Problems are furnished 
to the Council by branches of the 
armed services. The Council as- 
sumes_ responsibility for corre- 
spondence, interviews, and related 
work with inventors until a specific 
proposal is achieved. The Council 
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Install "NEW" Valve 


That’s all it takes for easy TOP ENTRY 


“in-line” maintenance of Worcester’s new 
TWIN SEAL BALL VALVE. To replace 
sealing components, simply remove the four 
bonnet bolts, and then the bonnet assembly. 
Ball and seat rings are easily lifted out by 
using hook in the hole provided in the stem 
slot. After cleaning seating surfaces in the 
body, replace ball and new seat rings as a 
unit. A new O-ring at the bonnet joint and 
around the stem will assure tight seals at 
these critical points. Result? . . . “factory tight” sealing tolerances in your long 
lasting Worcester TWIN SEAL Ball Valve . . . plus flexibility of seat selection 


to suit a great variety of media. 


OTHER OUTSTANDING FEATURES 


TWO-WAY FLOW 


Two-way Flow . . . with 
positive shut-off . . . will 
hold nearly perfect vacuum. 
There is no danger of “‘wrong 
way” installation. 

With opening in ball and 
seat rings maintaining same 
smooth shape as inside of 
pipe, resistance to flow is 
well below that of other 
valves and friction loss is 
reduced to a minimum. 





16 


~~. QUICK OPERATION 


The TWIN SEAL Valve goes 
from fully opened to fully 
closed position with only a 
quarter turn of handle and 
operator knows instantly po- 
sition of ball and degree of 
closure. Valve adapts itself 
readily to remote control and 
mechanical operation. 


PARKER ST. 
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eworRecesetTer. 


at Cost of: 
2 O-Rings 
2 Seat Seals 


5 minutes 


FORGED CONSTRUCTION 


Lack of porosity, closely 
held tolerances, absence of 
stress concentrations and 
the best possible material 
flow are some of the advan- 
tages of forged construction 
offered in Worcester’s Twin 
Seal Ball Valve. 


This valve is available in 
naval bronze and aluminum 
bronze. Seat material may 
be selected from Buna N, 
Neoprene, Natura! Rubber, 
Teflon and Kel F allowing 
this valve to handle Water, 
Air, Propane, Oxygen, Chem- 
icals and a great variety of 
other media. 


Ball 
Gate 
Needle 


® Valves 


Write for full particulars 


VALVE CO., INC. 


MAS S. 
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ST IN QUALITY 


are cast of heat treated alloy of 
of: 

© Faster heat transfer 

* Superior finish 

© Lighter weight 


® Micro-finish on shafts for oil seals 
* High speed ball bearings 
* Low speed tapered roller bearings 





ELECTRA MOTORS, INC. 


Anaheim, California 


Please send latest information on 
ELECTRA-GEARMOTORS, right angle type, as featured 
above for ratings from 44 hp to 5 hp. 


NAME____ 





FIRM_ 








ADDRESS 





CITY. 


ee) TAPE 





ELECTRA-GEARMOTORS 
Parallel Shaft 
% to 30 hp 


P.S. I am also interested in 
OTHER ELECTRA PRODUCTS 


ELECTRA-GEAREDUCERS ELECTRA-MOTORS ELECTRA-GEARMOTORS 
Right Angle 4% to 75 hp Shaft Mounted 
% toS hp %4 to 5 hp 
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then arranges direct contact with 
the proper service for investigation 
and appraisal. 


Evaluation of High Strength Weld- 
able Titanium-Base Alloys, PB 121069. 
By C. Robert Little, Armour Research 
Foundation of Illinois Institute of 
Technology; 54 pages, 8 by 10% in., 
paperbound; prepared by Wright Air 
Development Center, available from 
Office of Technical Services, U. 8. De- 
partment of Commerce, Wasivington 
25, D. C.; $1.25 per copy. 


This report describes investiga- 
tions of six titanium-alloy compo- 
sitions to determine their suitabil- 
ity as high-strength weldable sheet 
for use at elevated temperatures. 
The tests included tensile strength 
after heat treatment, both at room 
temperature and at 700 and 900 F, 
in welded and unwelded conditions. 
Bend tests were made at roum tem- 
perature to determine formability 
of the welded and unwelded ma- 
terial. 


Development of Heat Resistant Al- 
loys by Powder Metallurgy Tech- 
niques, PB 121356. By G. Zuromsky, 
L. Sama, H. Kalish, and L. Seigle, 
Sylvania Electric Products Inc., 66 
pages, 8 by 10% in., paperbound; pre- 
pared by Wright Air Development 
Center; available from Office of Tech- 
nical Services, U. 8. Department of 
Commerce, Washington 25, D. C.; 
$2.00 per copy. 


This report describes the investi- 
gation of the possibility of pow- 
der metallurgical techniques to 
produce cobalt-chromium-tungsten 
alloys which could meet a minimum 
100-hour rupture life at 870 C of 
25,000 psi and at 925 C of 20,000 


psi. 


U. S. Naval Ordnance Laboratory 
Reports. 8 by 10% in., paperbound, 
sidestapled; available from Office of 
Technical Services, U. 8S. Department 
of Commerce, Washington 25, D. C. 


Magnetic Properties of Low Per- 
meability Alloys. PB 121169, 11 pages, 
50c per copy. 


Transition from Development to 
Production. PB 121170, 6 pages, 50c 
per copy. 

Experimental Production of Thin 
Ferrite Films and A Survey of the 
Magnetic Properties of Thin Films. 
PB 121177, 41 pages, $1.25 per copy. 
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The only Belt Drive that 
replaces uncertain friction grip ¥ 





DACITI 


Gi 
THE ORIGINAL 


“TIMING” BELT 


Power Transmission Drive 


Just look at all the money-saving advantages that stem 
directly from this unique “Timing”® Belt feature: 


There is no belt slippage or creep, therefore: 

e Constant angular velocity is transmitted; 

e Precision timing is maintained between shafts; 
e Practically 100% efficiency is obtained; 

e Belt and pulleys last much longer. 


No initial belt tension is required, therefore: 

e Belt’s rated horsepower is all working horsepower; 
e Bearing loads are minimized, and wear reduced; 

e Take-up adjustments are eliminated. 


Less belt-pulley contact area is needed, therefore: 
e Drives can be more compact, take less space; 

e Smaller-diameter pulleys can be used; 

e Higher drive ratios are practical. 


Additionally, the “Timing” Belt drive needs no lubrication. 
Rating for rating, its cost is usually the lowest...especially 
when you can take advantage of stock drives. 


A tactory-trained Power Transmission Field Engineer will 
gladly help you adapt the “Timing” Belt’s many unique 
advantages to your product’s drives—from “fleapower” to 
over 1,000 horsepower! 








_) America’s Oldest Manufacturer of Industrial Rubber Products 
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ATTENTION! 


MECHANICAL 
ENGINEERS. 


@ we need Mechanical Engineers 
... hot only for design work... 
but men who are also capable of 
working up to the Project Engi- 
neer level in our organization. 


@ we are looking for mechanical 
men with some experience in 
small mechanical or electro- 
mechanical equipment. 


e There are positions at all levels 
for such work as packaging elec- 
tronic equipment, making vibra- 
tion analyses, designing light 
weight structures, etc. We are 
advancing our own mechanical 
men in electronic work, but we 
need you, too. 


Please air mail your qualifica- 
tions or send the coupon today. 


e 

@ W. C. Walker, Engineering Employment Mgr. 
8 Pacific Division, Bendix Aviation Corp. 
g” 11624 Sherman Way, North Hollywood, Calif. 


‘, | am interested in this engineering field__ 
®,, | am a graduate engineer with degree. 
@_ {| am not a graduate engineer but have __ 
a® years experience. 


S, Name 





@ Address 
a” City 
om 
m Zone__State 














all 


Metalworking 


Tube Bending Machine: High- 
speed automatic machine bends up 
to 2-in. diam steel tubing to ad- 
justable bend angles up to 180 deg. 
Tubing is bent automatically in a 
vertical plane. The machine utilizes 
a single-rotation, hydraulic rotary 
actuator to provide smooth, con- 
tinuous power throughout the bend- 
ing operation. Two-pump hydrau- 
lic system controls a 2000-psi 
clamping system and a 1000-psi 
bending system. All electrical and 
hydraulic power units and controls 
are JIC-mounted in the base of the 
machine. Both manual and auto- 
matic cycle controls are included 
in the pushbutton control panel. 
Walter P. Hill Inc., Detroit. 


Grinding Machine: Type LCTU 
30-in. semiautomatic cylindrical 
grinder for grinding large, light- 
weight workpieces is available in 
work lengths of 48, 72 and 96 in., 
and will handle work up to 30 in. 
in diameter. Wide tables and ways 
provide rugged: support to the 
work. Wheel spindles run in pres- 
sure-lubricated bearings. Auto- 
matic or manual wheel feed set- 
tings are speeded with a wheel feed 
index. Feed increments to 0.0001- 
in. in work diameter reduction are 
set without visual attention. Wheel 
feed is accomplished by a rotating 
screw-type automatic wheel feed 
mechanism. Automatic cycle is 
actuated with a single lever, and 
terminates either manually or by 
an electrically timed control. Jog- 
ging lever permits fractional rota- 
tion of the work to the most con- 
venient position. Separate table 
speeds can be maintained for 
truing and grinding as set from the 
first workpiece. Norton (Co., 
Worcester, Mass. 


Drilling Machine: Deep hole ma- 
chine drills to a depth of 24 in. 


| with maximum drift of 0.001 to 0.- 
| 0015-in. per foot of depth, depend- 


ing on the quality of the work- 
piece. Drill spindle operates over 


eseseseeeeareesaeens ees | a 36-sq ft area without resetting 
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Get yours 


while the 


supply lasts! 


MACHINE DESIGN 
“Directory 


of Materials” 


18th Edition 
the only one 
of its kind 
available 


anywhere 


$1.00 per copy 


Penton Building 
Cleveland 13, Ohio 
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material. Rapid indexing controls 
eliminate layout and drill jigs. Use 
of a single flute gun drill, with 
provisions for a coolant-wash com- 
bination, permits continuous pene- 
tration without retraction for 
clearing chips. Drill spindle, with 
integral de motor, is activated hy- 
draulically and is infinitely ad- 
justable within a range of 300 to 
5000 rpm. Driil bushing adjusts 
from zero to 12 in. longitudinally. 
Lahr Machine & Tool Corp., 
Toledo, O. 


Notcher and Punch:  Air- 
powered notching and punching 
machine has a 6'%4-ton capacity 
and 4%4-in. throat. It can be 
equipped with a variety of punches 
and dies for simple or intricate 
holes, corner trimming or combina- 
tion trimming and cutoff. Foot 
valve frees both hands for locating 
and feeding material. Ram can be 
lowered gradually to locate work at 
prick-punched points and to facili- 
tate die changing. Throat permits 
notching and punching well inside 
the edge of the sheet. Optional 
equipment includes floor stand, feed 
table with adjustable squaring 
edge, and a variety of notching 
and punching attachments. The 
machine operates on a pressure 
of 80 psi. Niagara Machine & 
Tool Works, Buffalo. 


Boring Machine: Supermill 3-in. 
horizontal boring machine permits 
machining of almost any mate- 
rial with high-speed steel, carbide 
and ceramic tools. Jib crane- 
mounted facing head swings away 
to the rear of the machine when 
not in use. It has 11 power feeds 
in either direction from 0.001 to 
0.165-in. per revolution, and can 
be attached to the headstock by 
swinging it around. Headstock 
spindle is free to pass through 
the facing head so that the unit 
can be used for facing and boring 
simultaneously. All controls are 
centrally located on the front of 
the headstock. Standard machine 
has 18 feeds and 16 speeds, with 
all necessary change gearing en- 
closed in the headstock. It has a 
built-in rotating table that enables 
clamping of the work at any de- 
sired angle. Standard spindle-to- 
table height is 31 in. and table has 
a cross travel of 40 in. Drive unit 
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DARCOVA PUMCUPS 


now available with 


100°. NYLON COMPOSITION 


for HYDRAULIC CONTROLS, AIR CYLINDERS, 
RECIPROCATING PUMPS. 


Darcova 45° 
Bevel Type Pumcup 


ARLING Pumcups—long noted for unequalled efficiency and life in all 

kinds of cylinders—are now greatly exceeding their own performance 
records! The new 100% Nylon Composition, available only in Darcova Pum- 
cups, does it! 

Nylon Pumcups are made in sizes, types and textures exactly right for your 
particular equipment—ready wow to give you unprecedented piston packing 
performance! 

Write for helpful data Bulletin No. 5503. 


DARLING VALVE & MANUFACTURING CO. 
Williamsport 30, Pa. 


TRADE MARK 
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Mor-Grip 
v-belts 


Sa 


MULTIPLE 





SUPER RATED 


‘Sar 
STEEL CABLE 


= arg 


{oe 


" WEX BELTS 





Maurey engineers v-drives for 
every situation; the “stop and 
go’’ spurts of refrigeration 
drives; the pulsating, high 
torque loads of rock crushing; 
the smooth, steady-pull of tex- 
tile drives... for short centers, 
and wide range of speed ratios. 
Maurey V-drive equipment has 
proved its value since 1917, 
improving the performance, and 
increasing the sales of thousands 
of products. Maurey delivers 
pulleys, belts and accessories 
quickly from complete stocks. 
Whether you are designing a 
new v-drive or improving an old 
one, contact Maurey. Call your 
local Maurey Distributor, or 
write direct. Request These 
CATALOG V-55 _ Catalogs 


CATALOG MYD-56 


CATALOG F-10 


MAUREY-MATIC 
CATALOG 





Pulleys, Sheaves 
V-Drive 
Accessories 





1-GROOVE CAST IRON 


+ 


PRESSED STEEL 





4-GROOVE CAST IRON 


a 


VARIABLE PITCH 











REFRIGERATION FA 





maurey manufacturing corp. 


2903-27 


WABASH: AVE- 
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for the automatic feed of the table 
is built into the base. The machine 
is also available with capacities of 
2, 3% and 4in. S & 8S Machinery 
Co., Brooklyn, N. Y. 


Strip Mill: Model TAL-625 four- 
high reversing cold strip mill pro- 
duces thin-gage strip up to 8 in. 
wide from ferrous and nonferrous 
materials such as carbon and stain- 
less steels, beryllium copper, tita- 
nium, and aluminum alloys. Mill 
operates at speeds up to 500 fpm 
and holds thickness tolerances to 
+0.0001-in. consistently. Rapid 
roll changing is facilitated by a 
backup drive which also makes 
possible change in work roll diam- 
eter without affecting linear roll- 
ing speed of the mill. Backup rolls 
are 8 in. in diameter, work rolls are 
2% in. maximum diameter, and 
both are available in 8 or 10-in. 
face widths. Rolls are driven 
through torque arms from a total- 
ly enclosed pinion stand. The mill 
is powered by an adjustable speed 
drive, comprising one 20-hp mill 
motor and two 20-hp coiler motors. 
Electrical equipment also includes 
control panel, power unit, and elec- 
tronic tension controls. Stanat 
Mfg. Co., Long Island City, N. Y. 


Plant Equipment 


Air Compressor: Model 104 is a 
21% x 2 duplex cylinder compressor 
operating on 34, 1 or 1% hp. It 
provides pressure up to 150 lb and 
10.4 cfm. The unit is suitable for 
small-capacity use by industry, 
farms and service stations for con- 
tinuous or intermittent pressure. 
E. L. Smith & Sons, Quincy Ill. 


Motor - Generator Set: Fifty- 
kilowatt, 400-cycle motor-genera- 
tor set meets Air Force specifica- 
tions as MD-4 precision power unit. 
A two-bearing unit housed in a 
singie frame, it consists of a 1200- 
rpm synchronous drive motor and 
generator. Motor and generator 
are rectifier excited. Close voltage 
regulation is accomplished with a 
magnetic amplifier regulator. All 
components of the static rectifier, 
voltage-regulator system are 
mounted within one end cover and 
cooled by incoming air stream. 
Control panel mounted: on the 
motor - generator base houses 
meters, field application devices 
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° y ” | KIT... A 

ment £95 oil (ok 
Design “Low Cost "ment of 95 cil cups of 29 
records show these oilers 


Into YOUR Equipment are most used for replace- 


ment and maintenance. 
Contents of each separate 
bin are clearly d i 


' on Inside Cover. r 
Special Introductory Price 
Just $1495 F.0.B. Fuctory é 
Satisfaction or your money back F 








IPS FOR ATTACHING 
i “ieee 4GRAVITY 
When ordering, in FEED 
pecify 4", 6” sinsle Clips tae Ff OILERS 


Rate of oil 
flow regulat- 
ed by needle 
valve, direct- 
4 ! s | . ly observed 
3-Tube Clips = through sight 

ae glass in stem. 


GAUGES 


This oil gauge plug permits in~ 
stant checking of oil level within 
a transmission or gear case. For 
use where construction permits 


insertion in tapped hole. A val- 
Shut-off knob does not affect uable addition to any such 


needle valve adjustment. Visi- | equipment —at very low cost 
ble oil supply. Non-breakable. | Style BW—No. 4042. 

Tops in convenience and de- 

pendability, at low cost. Style 
NFU—No. 3602-A. 





i 





SIGHT GAUGES Don't price yourself out of the mar- 
SIGHT | Z AE PRE UEAIIPLS 2S ket. When you design proper lubri- 


GRAVITY | ae Sl cation into your equipment, specify 
“Ao | sero chan GITS Lubricating Devices—the wid- 


TIPLE bu ‘ - tame «St selection available anywhere. 
MUL ' i. oe Soe The items pictured above are only a 
OILERS ; a Needle 

: y.4 few of our many thousands of lubri- 

cating devices. At the design stage, 

get the GITS story. Free Engineering 

Service. Send NOW for your free 
Catalog. 


vw alwe 
permits 
es extremely 
7 accurate 
adjustment 
. a of oil feed. 
This one unit replaces 3 to 8 WA Sich : 
il y ight glass provides | 
Bar: a 9 go8 year | 1 g@@@ direct observation of | Gits BRos.MFs. Co. 
m. Positive out- 7 | q i rate of oil flow. Accu- | The Standard For Industry For Almost Half A Century 
le periods. Individ- = : racy and convenience 1868-C South Kilbourn Avenue 
needle valve at a moderate price. Chicago 23, Illinois 


Style PF—No. 4290. 








Clip this poge for handy “rough reference”, 
Circle 515 on page 19 





What are these - 


and what do they mean to you? 


They remain flat, retain 
their characteristics of 
long weor — remain 
tough under stress of 
pressure or heat. 





They're not Chinese coins or old 


street car tokens 


% Cue No. 2 


Designed as the only wear- 
ing, moving part of a 
piece of equipment used 
for connecting and con- 
trolling machinery and its 
source of power. 





% .Clue No. 3 


They are one of only 
three prime parts of 
that piece of equip- 
ment. 


If your answer is friction linings from 
Stearns electro-magnetic clutches — you're right! 


As the clues tell, the friction lining is the only wearing part of a 
Stearns clutch — and it seldom, if ever, needs adjustment or replace- 
ment. This is one of the big reasons that Stearns magnetic clutches 
have earned the reputation among users of being trouble-free. 


On Stearns magnetic clutches, wear increases rather than decreases 
torque. Fast, smooth engagement and even pressures over a large 
area eliminate distortion and permit long, hard starts without over- 
heating. If required, adjustments for wear are made easily, in minutes. 


There are over 100 standard Stearns magnetic clutches and clutch- 
brake combinations for matched-to-the-machine performance. For 
special applications, Stearns also designs custom-built units. 17 


For complete data on trouble-free Stearns electro-magnetic clutches, 
call your local Stearns sales representative — or write for bulletin 


No. 226-EF. 


BRAKES AUK 
= ¢ 


4 
“Scon >* 


ELECTRIC CORPORATION 


120 NORTH BROADWAY « MILWAUKEE 2, WISCONSIN 


CLUTCHES 
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and other components. Input to 
the motor is 220/440 v, 3 phase, 
60 cycle. Output from the genera- 
tor is 120 v single phase, or 120/ 
208 v, 3 phase, 0.8 power factor, 
and 400 cps. Voltage regulation 
provides sensitivity of +2 v (120- 
v base), 1 per cent modulation, 
transient limits of +35 per cent 
and recovery in 0.2 seconds or less. 
Maximum harmonic content is 2 
per cent rms under any load within 
the rating of the generator. Elec- 
tric Machinery Mfg. Co., Minne- 
apolis, 


Processing 


Induction Heater: Model L6E 
Reevelec 2-kw induction heater is 
used for soldering, brazing, harden- 
ing, annealing and other produc- 
tion operations. The bench-mounted 
unit has a built-in output trans- 
former for matching a variety of 
load shapes and sizes; built-in 
automatic recycling heat cycle 
timer with wide choice of ranges; 
circuit breaker protection of both 
line and high voltage circuits; out- 
let for interconnection of remote 
switches, turntables or other fix- 
ture interlocks; watercooled coil 
and transformer circuits, and a 
forced air cooling system for the 
entire unit. The heater weighs ap- 
proximately 200 Ib and measures 
28 in. high, 25 in. wide and 18 in. 
deep. It is equipped with protec- 
tive interlock switches on all access 
doors and has grounded low voltage 
output circuits. Heater complies 
with FCC regulations. Reeve Elec- 
tronics Inc., Chicago. 


Metal Spray Unit: Model C-2 
Spraywelder is designed for use in 
applying hard-facing powders to 
most types of steel, cast iron and 
copper parts. Powdered alloys are 
first applied to the part by spray- 
ing and then are fusion-bonded by 
heating with an oxyacetylene 
flame. Metal spraying operations 
using aluminum, zinc, copper, 
nickel, stainless steel, brass, lead 
or high-temperature brazing alloys 
in powder form can also be handled 
readily by the unit. Components 
are mounted on a panel that can 
be wall or pedestal mounted. Com- 
plete unit includes a lightweight 
aluminum pistol, chromium-plated 
hopper, carburetor, combination air 
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BB Vibration control is a vital element of improved 
product performance . . . and the most positive way to e : ; 
control vibration is through Lorp Bonded-Rubber Sh i A ys OO ; 
Mountings. Here are several outstanding reasons why: ‘ re ae au et 
Isolate Vibration — Stop noise transmission or vibra- ; , » 
tion caused by moving mechanical components. 
Lengthen Product Life — minimize stresses caused by ie ¢ nal shook 
shaft misalignment or torsional vibration. ee es ems. De- 
Reduce Maintenance Expense — the rubber element mea ¥ ( to provide 
absorbs flexing action . . . no surfaces to wear or chafe ae i 
. .. no lubrication is needed. : 

Lorp maintains a staff of vibration engineers to assist 
manufacturers in isolating destructive vibration. They 
will gladly assist you by designing and producing the 
most economical and efficient mounting for your needs. 
Call or write the Lorp Mfg. Co., Erie, Pa. 


LORD MANUFACTURING COMPANY « ERIE, PENNSYLVANIA 


- i \ ‘ 
ATLANTA, GEORGIA CEdar? 1123 JAYTON, OHIO Michigan 8871 rf : i 
STC MASS. - HAncock 6-9135 J9ETROIT. MICH TRinity 4- 2066 
° GC ic an 2-601 )S ANGELES, CAL. HOtlywood 4.7593 
CLEVE 10 - SHadyside 9-3175 NEW YORK,N Y. - Circle 7-332€ oe 
T Ss vers l 32 4 
é “ 4 é 
4 , 
» 


PHILADELPHIA, PA LOcust 4-0147 


_ 


DESIGNERS AND PRODUCERS OF BONDED abate % PRODUCTS SINCE 1924 
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LOW NOISE LEVEL BRUSHES BY SUPERIOR 


More and more, Industry is calling 
upon a Superior willingness to study a 
specific situation and come up with 

an answer that will make possible 
optimum brush performance. 

More and more, Superior Carbon 
Brushes are doing a real job where 
noise level is an important factor. 
More and more, a specialized Superior 
37-year background is finding satis- 
factory solutions to these problems. 
May we design a low noise level brush 
to meet your exacting requirements? 


SUPERIOR 


CARBON PRODUCTS, INC. 


9115 GEORGE AVENUE, CLEVELAND 5, OHIO 
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New Machines 





regulator-filter, and oxygen, acety- 
lene and powder hoses and fittings. 
Redesigned carburetor and new 
spraying-head design contribute to 
high metal-spraying capacity and 
greater deposit efficiency. New 
filter includes a clear view plastic 
bowl which permits visual inspec- 
tion for accumulation of moisture, 
dirt and oil. Wall Colmonoy Corp., 
Detroit. 


Blast Cleaning Machine: Super 
Tumblast airless abrasive blast 
cleaning machine for cleaning sand, 
scale, oxides and other contamin- 
ants from metals is now available 
with operating load capacity of 14 
cu ft. Abrasive-hurling wheel 
throws 830 lb of abrasive per min- 
ute. The unit is equipped with 
either of two separators, one for 
exacting requirements and _ the 
other for less exacting require- 
ments. Separator is mounted at 
the bottom of the machine for easy 
servicing. Wheelabrator Corp., 
Mishawaka, ind. 


Testing and Inspection 


Internal Measuring Unit: N-7 
Internalchek is a heavy-duty shop 
and laboratory instrument for in- 
specting internal diameters of ring 
gages and other parts for size, 
taper, bellmouth and out-of- round- 
ness. Standard capacity is from 
0.370 to 12 in. with vertical ca- 
pacity to 1% in. Special gaging 
arms are available to provide gag- 
ing range from 0.240 to 12 in. with 
vertical capacity to 1 in. Instru- 
ment is available with dual elec- 
tronic amplification of cither 
1000/2000, 2500/5000, 5000/10,- 
000 to 1. Amplifications within 
each dual range can be switched 
from one to the other without 
realignment of indicating meter 
mechanism. With  5000/10,000 
amplification, direct reading to 0.- 
000010 can be made on the gradu- 
ated 4-in. zero center equilinear 
scale. Both bench and floor-type 
models are available. Amplifier 
has a highly stable electronic cir- 
cuit which is unaffected by line 
voltage fluctuations from 65 to 
150 v. Indicator response is in- 
stantaneous and readings are con- 
sistently repetitive. Power  re- 
quirement is 110 v, 69 cycle, ac. 
Sheffield Corp., Dayton, O. 
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NEW, 


COMPACT &@ (/2>© 48-FRAME 


Fractional HP 
MOTORS 


'Y for all applications 


take less space... 
weigh less... 
perform better! 


% 


Century Industrial Quality means design that does not 
compromise dependability to gain slight cost advantages... 
sturdy construction provides the stamina which assures con- 
tinuous operation. 48-Frame Motors now available from 
1/20 to 1/3 HP... Performance-Rated to your needs... 
with weight savings up to one-third! 


Test one of these motors for yourself. Call or write your 
nearby Century District Sales Office or Authorized Distribu- 
tor. Send for new bulletin 1-1P1. 


Performance-R ated MOTO RS 
1/20 to 400 HP 
1806 Pine Street © St. Lovis 3, Missouri ¢ 
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ARE YOU CHANGING DESIGN 
ON AIR OPERATED MACHINES 
70 CUT COST AND 

IMPROVE OPERATION ? 


dP ae 


List Price* 








*$18.50 is the list price for 
the 4 inch port size and 
$19.50 for the 3% inch, 
less the usual quantity 

and trade discounts. 


HERE'S 

80TH 

LOWER COST 

AND BETTER CONTROL 


IN THE ‘SHEA 


4-WAY AIR VALVE 
/250 P.S.1,) 


You need no oiler and filter ahead of this valve because it’s 
made entirely of corrosion resistant materials and moisture 
won't harm it. 


EAL’ 


It operates freely on dry, unlubricated air, and dirt or pipe 
scale in the line cannot damage the valve or hold it open 
because of the unique “Shear-Seai” design. 


The leak-proof holding quality which does not diminish 
after prolonged service is perhaps the most outstanding 
characteristic of the wear-compensating “Shear-Seal.” 


The external design stresses savings through convenience of 
porting, any port can be the “in” port; of mounting, valve 
has a bracket that may be shifted or removed to make way 
for panel mounting; of maintenance, valve can be serviced 
without touching the plumbing. 


Ask for bulletin A-5. 


5125 Alcoa Avenue, Los Angeles 58, California 
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NOTEwW ORT AY 


Reversible Drive Mechanism 

Nearly instantaneous reversal of output-shaft rota- 
tion is provided by a reversible drive mechanism that 
operates without physical movement of gears or wear 


























on contacting clutch elements. With unidirectional 
rotation of the input shaft (right), selective energiza- 
tion of either of two magnetic-particle fluid clutches 
determines the torque path through the unit and, 
therefore, direction of rotation of the output shaft 
Rapid action of the self-contained clutches 
reduces time lag for reversal to an insignificant value. 
Patent 2,752,800 assigned to Raymond Engineering 
Laboratory Inc. by Horace H. Raymond and Howard 
H. Sargent Jr. 


Drag Mechanism 

Variable drag torque, such as that required to 
maintain constant tension in cable reels of electrically 
propelled vehicles, is developed by a planetary-type 





























fluid-drag mechanism. Designed for mounting on a 
moving vehicle, the unit exerts high drag torque at 
low cable pay-out speeds, decreases drag torque as 
pay-out speeds increase. Drag action is due to oil 
trapped between planet and ring-gear tooth spaces. 
At high vehicle speeds, the ring gear, which is at- 
tached to the unit housing, rotates rapidly and forces 
the spring-loaded planet gears partially out of mesh. 
Since oil in tooth spaces can escape, the planet car- 
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EDDY-CURRENT EQUIPMEMT 
The Most Accurate and Trouble-Free Method of 
Adjustable Speed Control and Testing—at Minimum Cost 


Ajusto-Spede”* Drives 

Dynamatic Ajusto-Spede® Drives supply infinitely adjustable 
speed from an AC power source—with low power losses and mini- 
mum maintenance. These air-cooled, stationary field, eddy-current 
couplings, integrally mounted with standard D-flange AC induction 
motors, provide a complete package-drive in sizes from 3 HP to 
75 HP. Units of the same design and capacities are also available 
without motors. 


Dynaspede’ Drives 
These Dynamatic liquid-cooled, adjustable speed, Eddy-Current 
Couplings, integrally mounted with standard D-flange AC induction 
motors provide a compact self-contained drive in sizes from 3 HP 
to 75 HP. Motor types available are drip proof, totally enclosed 
fan cooled, and explosion proof. The coupling is completely 
enclosed. Separately mounted couplings are also availab!< in 
capacities from 3 to 2500 HP and larger. 


Eddy-Current Brakes 


Dynamatic Eddy-Current Brakes are available in a wide range of 
torque capacities and operating speeds. Features include smooth, 
frictionless, shock-free operation with no rotating electrical com- 
ponents or contacts. Liquid-cooled types, as illustrated, provide 
loading requirements from 40 HP to 10,000 HP. Air-cooled units 
are available in sizes up to 50 HP. 


Dynamometers 
Three types of Dynamatic Eddy-Current Dynamometers are 
available to meet various testing requirements; absorption dyna- 
mometers up to 15,000 HP; motoring or driving dynamometers 
up to 500 HP; and universal dynamometers to 500 HP and 
larger. Special purpose dynamometers are also designed for use 
in applications where requirements are unusual. 


Send for Illustrated Literature Covering these Dynamatic Units 


DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE . KENOSHA, WISCONSIN 
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this 
flexible 
metal 


hose 
Guards 


Vara aw 


—another example of how 
Atlantic's engineers and ‘inge- 
nuity devise new solutions to 
new problems. 


The $1,000,000 tower atop 

the Empire State build- 

ing was designed to usher 

in a new era in TV transmission and reception. Its 

construction required an unprecedented number of 

circuits to travel up a tower often of less than two 

feet square. The conduit, enclosing the cables, had to 

be extremely flexible to avoid splice plates, rivet 

heads and diagonal braces in the steel work. It had 

to be permanently weather tight. 

Ordinary rigid and flexible metal conduit failed! 

Atlantic’s engineers in cooperation with the RCA 

Service Co. designed a heavy duty, high pressure 

bronze hose that did the job and also saved many 

costly and hazardous man hours of work. This hose 

was JOB TESTED and CERTIFIED. 

Our engineers will help solve your problems in 

weather protection... flexibility ... conveying... con- 

trolling pressure,movement and vibration... correct- 
ing misalignments. Seamless and Interlocking Hose.: 
Bronze, Steel, Stainless Steel, Monel. %”-36" I.D. with 
proper fittings. Write for Bulletin #500ASee our Cat- 
alog in Sweet’s Product Design File. 


ATLANTIC METAL HOSE CO., Inc. 


318 DYCKMAN STREET, NEW YORK 34, N.Y. 


Circle 522 on page 19 








Noteworthy Patents 





rier, which is coupled to the cable reel, can rotate 
freely and drag torque is low. At low vehicle speeds, 
the opposite action occurs. Patent 2,764,903 assigned 
to Goodman Mfg. Co. by Frederick B. Miller. 


One-Way Clutch 

Coaxial input and output members (left and right) 
are coupled by the wedging action of multiple rollers 
in a one-way clutch. Engagement occurs when roller- 





Wy 
Sg 


MG 











carrier levers are pivoted outward by the axial move- 
ment of a tapered engaging ring. In the event rollers 
are not symmetrically positioned at engagement, 
floating action of the tapered ring equalizes roller 
wedging pressures and distributes the clutch load. 
Free-running in one direction, the clutch is easily 
adapted for single or fractional-revolution operation. 
Patent 2,754,947 assigned to Chicago Nipple Mfg. 
Co. by George B. Marsden. 


Fluid-Actuated Governor 


For speed control of electric, hydraulic or pneu- 
matic motors, a fluid-actuated governor utilizes the 
turbine action of coaxial impellers as a speed-sensing 
means. Rotation of the master impeller (right) im- 














parts a swirling motion to enclosed hydraulic fluid, 
forcing the slave impeller (left) to rotate. At a pre- 
determined speed, torque developed by the slave mem- 
ber actuates an external spring-loaded switch as- 
sembly, providing governing action for the speed-con- 
trolled unit. Torque developed, and therefore the 
speed set-point, depends upon the viscosity and 
amount of fluid in the governor chamber. Patent 
2,734,608 assigned to Belle City Malleable Iron Co. by 
Joseph J. Longo. 





Copies of patents briefed in this department may 
be obtained for 25 cents each from The Commissioner 
of Patents, Washington 25, D. C. 
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R hs Programme on Bearing NS 
A Rese 


pp auaxanee 20% NOW AVAILABLE 


|, Omsarie B 
evwarch Fe annie 


Independent Research Report 


on Bearing Materials 


-... Tables Compare 


‘Coefficient of Friction 


EA Sliding Behavior 


§ 


; — 


— 


Two year study evaluates performance of 
more than 100 combinations of bearing materials 


HE RESULTS of this study are of importance to every engineer 

interested in bearing problems... and the relationship between 
frictional force, speed and the wear behavior of materials. 

More than 100 combinations of currently used bearing materials 
were tested for sliding behavior, coefficient of friction and wear 
rate. Results of the tests are compiled in tabular form for easy 
reference. 


Use the convenient coupon to secure your free copy of this out- 
standing Bearing Materials Research Report. There is no obligation. 


THE ELECTROLIZING CORPORATION 
1505C East End Ave., Chicago Heights, Illinois 


Please send research report on Bearing Materials. 


Name 


ae ee ee Wear Rate 
These ois] probleme 





THE Ce LohB79 


CORPORATION 








| 
I 
| 
| 
l 
| 
1505C East End Avenue ¢ Chicago Heights, Illinois = 


Street Address 








Other Plants Located at: l 


Providence 1, R.1. Cleveland 12, Ohio Los Angeles 21, Calif. 
148 W. River St. 1325 E. 152nd St. 1406 East 15th St. 
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POWERMIT 


PUMP and MOTOR 
COMBINATION 


e COMPACT ¢ LIGHTWEIGHT 
« ECONOMICAL 


4 








Here’s another example of Tuthill’s ability to 
develop the pump to fit the problem. This com- 
pact, new Powermite motor-pump combination, a 
Tuthill exclusive, was developed to meet the 
requirements of original equipment manufacturers 
with unusual space and weight limitations. 

Motor and cooling blower have, in effect, been 
incorporated into the internal gear positive dis- 
placement rotary pump. The whole unit takes up 
no more space than a standard electric motor. A 
single shaft serves all units of the Powermite—and 
the elimination of couplings, other parts and labor 
permit substantial economies for OEM applications. 

The pump section contains a built-in strainer, 
and, if desired, an adjustable relief valve. Power- 
mite can be furnished with cooling blower, as 
illustrated, or it may be supplied with a shaft 
extension for driving other accessories. 

Powermite can be furnished in a wide variety of 


pump and motor combinations for use in hydrau- 
lic, oil burning, lubricating, and other services 
involving many different fluids. For example, the 
model illustrated has a capacity of 18 gallons per 
hour at 300 psi, and is driven by a 1/12 hp motor 
at a speed of 1750 rpm. 

Manufacturers desiring to investigate the cost, 
space and weight saving advantages of incorpo- 
rating Powermites into their products are invited 
to submit detailed specifications. Or, if preferred, 
a Tuthill representative will call. 


TUTHILL PUMP COMPANY 
953 East 95th Street, Chicago 19, Illinois 


Gentlemen: 

([] Please have your representative call to discuss 
Powermite applications in my product 

(CD Please send catalog describing complete Tuthill line. 


NAME COMPANY 
TITLE 

STREET 
CITY 














Tuthill Manufactures a Complete Line of 
Positive Displacement Rotary Pumps in 
Capacities from I to 200 GPM, for Pres- 
sures to 600 PSI, Speeds to 3600 RPM. 


TUTHILL PUMP COMPANY 


953 East 95th Street, Chicago 19, lilinois 
Canadian Affiliate: 
Ingersoll Machine & Tool Company, Ltd., Ingersoll, Ontario, Canada 


PUMPS FOR 
YOUR PURPOSE 
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CAST ALUMINUM ALLOY RAPHITED BRONZE LEDALOYL SELF-LUBRICATING 


\\ Pi DERED IR 
ace 5 Johnson Bro n provide the solution. We pro- 
ca dun ye me oe sdewen ieentinien tah: iain of 
sta i rd sizes. In aoe , we ie tat facilities 


to produc variety of custom-ma ade 
\ — ngs o your s - wa ations. The best bearing 
are your \ ny a seg atic n be found amo ng the Hash 
\ is we seas To hg et the exact bearing you 


pasar then n Bronze 


| problem... E Company, 5255. Mil tre, New Caste, a. 
. a i HNSON Bearings 
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Young 


HEAT 
EXCHANGERS 


Are Available in Standard 
Models or Special Designs 
for Industry 


Again Young is the solution to 
the need for a heat exchanger 
on a specialized piece of machinery. 
This special hydraulic package unit 
—designed and built by Hydro-Air Engineering, Inc., 
St. Louis, for a large midwest automotive plant—supplies fluid 
power to a large die-casting machine. The entire return 
oil flow of 65 gpm is directed through the Young Heat 
Exchanger for cooling. 
Your requirements can be filled, too, by 
specifying Young standard or special Heat 
Exchangers—they’re always used 
where quality counts. 


Write Dept. 307-A 
for FREE Catalog 


— 





Geeta“ WEAT TRANSFER ENGINEERS FOR INDUSTRI 
| Heat Tronsfer Products fer Automotive, Heating, Cooling, Air Conditioning 

j Aviction aud Industrial Applications. for Home and Industry. 

¥ 


Executive Office: Racine, Wisconsin, Plants at Racine, Wisconsin, Mottoon, ili 
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“Not one failure in 30 years,” says Project Engineer, Walt 
Holms of Dexter Folder Company as... 


Bristol’s® Multiple-Spline socket screw 
solves 3 design problems here 


On Dexter Folder Company’s Cleveland folding machines, they 
didn’t start out using Bristol’s® Multiple-Spline socket screws. 

The switch to multiple-spline socket screws was made later on 
to overcome three difficulties caused by ordinary set screws : 


1, Rounding out of sockets was common until the changeover to the 
multiple-spliae screw. “These Bristol screws are set and loosened 
as many as 1000 times during the machine's life, yet I never heard 
of a Bristol multiple-spline socket rounding out,” reports Mr. 
Holms. 


2. “Burrs” on the shafts, caused by the original steel set screws, 
were blocking movement of attachments along the shaft. To over- 
come this difficulty, Bristol engineers developed a new set screw 
design featuring a relatively soft brass point which could not harm 
the steel shaft. 


3. Permanently mounted equipment, gears, pulleys and the like, used 
to freeze on the shaft after being in place for 5 or 10 years. The old 
set screws would frequently strip before loosening. Not one socket 
failure in 80 years has been noted since Dexter switched to Bristol's 
multiple-spline socket. 


With 20,000 existing folding machines in operation and over 

100 Bristol multiple-spline set 
screws in each, Dexter Folder 
Company’s report on their per- 
formance carries considerable 
— Bristol’s socket screw 
products—the most complete line 
on the market—are sold through 
leading industrial distributors. 
Find out about them today. 


Bristol set screws hold perforator 
and grooved-wheel in tight align- 
ment. Slippage here would dam- 
age knife blades. A.6.19 


Made in sizes as small as No. 0 in Alioy Steel and Stainless Steel. Cap Screws up to 14%”. 
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NEED _ 
SPECIAL 
BLOWERS? 


PEERLESS ELECTRIC 
SUPPLIES BOTH BLOWERS 
AND MOTORS AS A 
COMPLETE UNIT! 











ELECTRONIC COOLING 


e@ Complete units! 
Blower and motor! 


@ Meet government 
specifications! 


e Air requirements up to 
8" static pressure! 


e Special finishes, fungus- 
treated, insulated, etc.! 


—ee TEMPERATURES @ High and low tempera- 


ture requirements! 


@ Special units for space 
conditions! 


Contact us today! 
We're interested in 
your inquiry! 


NO-CORROSION 
ALUMINUM CONSTRUCTION 





FAN AND BLOWER DIVISION 


tHe PRerless.Clectric COMPANY 


FANS - BLOWERS . MOTORS - ELECTRONIC EQUIPMENT 
1453 W. MARKET ST. * WARREN, OHIO 
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Large-capacity, extremely accurate 


DeVILBISS AIR REGULATOR 


, aris 


Compact size 
3” x 42” 


Capacity 
80 c.f.m. 


Leakproof 


Fingertip 
adjustment 


DeVilbiss HAA Air Pressure Regulator. Two- 
stage control provides easy knob setting, sensi- 
tive regulation, less pressure drop. Offers extreme 
accuracy wherever controlled air pressure is 
needed. Regulates pressures up to 135 lbs., with 
only %-lb. variation for each 10-lb. fluctuation 
in main line pressure! No large, heavy springs! 
Two inlets and three outlets (%4” female N.P.T.) 
allow for any type installation. Write for details. 


THE DEVILBISS COMPANY 


; DeVi LBISS Toledo, Ohio 


Santa Clara, Calif. * Barrie, Ontario * London, England 
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meet every speed reduction need! 


Compact, efficient Abart units last long, serve 
better and minimize maintenance. Spur, worm 


and combinations . . . single and 


double reduction types. 





REQUEST POCKET-SIZE 
ABART CATALOG 


ABART GEAR and MACHINE CO. 


4821 WEST 16th ST. ° CHICAGO 50, ILL. 
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TINY PACKAGE 
FANTASTIC 
PERFORMANCE 


HAYS 


“MESURFLO” 
CONTROL 


NEW PATENTED 
WATER FLOW DEVICE 
«True, accurate way to obtain 


specific flow rate regardless of 
pressure, to 150 psi. 








Wide range of flow rates; 
variety of pipe sizes 


«Low cost 





* Request 
Folder 231 





SUPER -PERFORMER! 


HAYS “ELECTRO-MESUR- 
FLO” + COMBINATION 
SOLENOID VALVE, 
STRAINER, AND FLOW 
CONTROL. LOW COST. 
REQUEST FOLDER 217. 


INDUSTRIAL SALES DIVISION @ 


HAYS MFG. CO. | 


819 WEST 12TH STREET 
ERIE, PA. 


LICENSEE FOR EUROPE AND AFRICA: BIRFIELD INDUSTRIES, LTD. 
STRATFORD HOUSE, STRATFORD PLACE, LONDON, W. 1 ENGLAND 
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ZENITH 72 


ulti- Circuit , 


long- lasting accuracy. 
trouble-free i Th) 
timing, mixing, compounding, 
processing and similar operations! 


Sound, practical design, quality components and 

precision-controlled assembly insure the long-lasting 

dependability of ZENITH Multi-Circuit Timers. 

They are specified as standard components in 

countless commercial and industrial applications, 

as well as laboratory equipment and home appliances. 
Can be supplied in practically any time cycle 

and with any number of switches. Available 

without synchronous motor for elevator 

control, limit switch, etc. 

IMMEDIATE DELIVERY IN ANY QUANTITY... 

Request bulletin. 


See classified telephone directory 
for name of local distributor 


ZENITH ELECTRIC ry 


149 Ww. WALTON ST. 
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from the hand of the 


Specialist 


TO YOUR 
SPECIFICATIONS 


ERIE Bolts « Studs + Cap Screws + Nuts 


In Alloys + Stainiess + Carbon + Bronze 


The reading on this Surfindicator 
measures more than just the fine finish 
on this special bolt. It measures the 
result of the precision craftsmanship 
your own specifications receive at 

Erie Bolt & Nut Company. Producing 
a wide variety of special fasteners to 
resist corrosion, extremes in temper- 
ature and tensile stresses as specified is 
our exclusive job . . . has been for 
almost half a century. 

Send us your specifications for 

prompt estimate. 


yuBSIDiaRy 
a> Sn 


BARIUM 


STEEL CORPORATION 


ERIE BOLT & NUT CO. 
Erie, Pennsylvania 
Representatives In Principal Cities 
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"MONOBALL” 


Self-Aligning 
Bearings 


ROD END 
TYPES 


PATENTED U.S.A. 
All World Rights Reserved 


CHARACTERISTICS 


RECOMMENDED USE 


For types operating under high 
temperature (800-1200 degrees F.). 


ANALYSIS 


Stainless Steel 
Ball and Race 


1 
2 ea pei A Race 
3 


Bronze Race and 


radial ultimate loads (3000- 
893,000 Ibs.). 
For types operating under normal 
loads with minimum friction 
requirements. 


For types operating under high 


Chrome Moly 
Steel Ball 


Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Rod end types in similar size 
range with externally or internally threaded 
shanks. Our Engineers welcome an opportunity 
of studying individual requirements and pre- 
scribing a type or types which will serve under 
your demanding conditions. Southwest can de- 
sign special types to fit individual specifications. 
As a result of thorough study of different operat- 
ing conditions, various steel alloys have been 
used to meet specific needs. Write for revised 
Engineering Manual describing complete line. 
Address Dept. MD-56 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNPAIN AVE., MONROVIA, CALIFORNIA 
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| MORE DESIGN FREEDOM | 


“transfer 





without 
complicated 
* gearing... 





SIERRA MINIATURE MECHANICAL 
CHAIN AND SPROCKETS... 


Provide precise, positive motion transfer 
through several planes simultaneously with NEW 
no cable slippage...no complicated gearing. CATALOG 
Unlimited center-to-center selection for min- <a 
iature and sub-miniature assemblies in servo : 
systems, gyro systems, special cameras, 
electronic equipment, and small precision 
instruments. Less weight, cost, maintenance 
—wider tolerances. Designed to operate 
around minimum 7-tooth sprocket with root 
diameter of .250 inches. Chain pitch 

.1475 inches; Weight .45 oz. per lineal ft. 
Material: stainless steel, or other materials, 
including non-magnetic beryllium copper. 





Contains useful 
application data, 
specifications, 
tables on chain 
pitch and sprocket 
sizes, suggestions 
for calculating 
center-to-center 
123 E. Montecito Avenue, distance. Write 
for yours today. 


Sierra Madre , California 
T. M. REG. 
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Design Guide to 


“Adjustable-Speed 
Drives 


@ ELECTRICAL 
@ MECHANICAL 
© HYDRAULIC 





Here, in one book—148 pages, with 24 tables, 
119 charts and 171 illustrations—is what the 
designer should know about adjustable speed. 
$7.00 
per copy 


MACHINE DESIGN eeaver service 


Penton Building Cleveland 13, Ohio 
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DURA SEALS provide 
perfect sealing on rotating 
shafts on processing 
equipment for the widest 
range of fluids, pressures, 


temperatures and speeds. 


DURAMETALLIC ' 


ao Se S. & eaeke) Oop. Sacre, | 
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Stalwart 

silicone parts 
are solving more 
and more 


engineering 


problems for 


more and 





CORPORATION 








FASTENERS 4 


NATIONAL 
LOCK 


IN ALL TYPES, SIZES 
MATERIALS, FINISHES 


Extensive facilities are coupled 
with long-term experience 
in the manufacture of all 
NATIONAL LOCK standard 
and special-purpose fasteners. 
You'll find this one-source 
supplier is capable, prompt 
and dependable in fulfilling 
your requirements, Write us, 


“SEMS" 


Registered Trademark of Illinois Tool Works. 


NATIONAL LOCK COMPANY 


UL, Fastener Division + Rockford, Illinois 
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Y more products 























Specially recommended 
for high and low 
temperature 
applications 


Silicone rubber parts by Stalwart are 
solving problems every day ... and 
costs are being cut too! 


Time and again, Stalwart Engineers 
have and will replace costly metal 
constructions forced on design engi- 
neers because of the limited thermal 
stability of organic rubbers. 


Stalwart is prepared to produce pre- 
cision parts from a variety of Silicone 
rubber stocks to meet your individ- 
ual specifications. These parts will 
retain rubber-like properties at tem- 
peratures from —130° to +600° F. 
They will have excellent dielectric 
properties and resist compression set. 


Write today for 
catalog No. 56-SR-3! 


TALWART =~. 


io and 


RUBBER COMPANY Jasper, Georgia 
180 Northfield Road © Bedford, Ohio 180 Northfield Rd. 


d, Ohio 
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: YOUR 
- ENGINEERING 
+ SKILL 


Mechanical ¢ 


Engincers «Call be used NOW 
in? ON important 


to knw - projects in 
impos * AIRCRAFT 
NUCLEAR 


PROPULSION 
* at General Electric 


It’s true—you can join the rapidly expanding Air- 
craft Nuclear Propulsion Department at General 
Electric without nuclear experience. What’s more, 
the skill and training you now have can he used im- 
mediately and will be the foundation for a new, ex- 
ceptionally rewarding career because . . . 


General Electric Provides the 
Nucleonics Training You Need 


How?—through a full-tuition refund plan for uni- 
versity courses leading to an M.S. in nuclear engi- 
neering, or any other graduate degree, through in- 
plant training courses that give you the most 
thorough grounding in aircraft nuclear propulsion 
available today. On the job, you'll apply your skills 
to nuclear power systems under the guidance of 
top men in the field. 

If you have sound engineering training and from one 


to five years’ experience, you may qualify for assign- 
ments that make full use of your talents, like these: 


Thermodynamics, stress and weight analysis, Shield 
design, Remote handling, heat transfer, cycle analy- 
sis, turbo-jet applications, power plant components, 
reactor design and structure, airframe and structures, 
fluid heat-flow transfer. 


Comprehensive employee benefit program. 
High starting salary 
Relocation expenses paid 
Periodic merit reviews 
Aircraft Nuclear Propulsion at General Electric is 
forging ahead fast—into the product stage. You owe 
it to yourself to find out how your ability can be 
used in a field that will shape the future of aviation. 
Openings in Cincinnati, Ohio 
and Idaho Falls, Idaho. 


Send resume in confidence, stating salary require- 
ments, to location you prefer: 

J. R. Rosselot L. A. Munther 

P. O. Box 132 P. O. Box 535 

Cincinnati, Ohio Idaho Falls, Idaho 
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& 
design data 
REPRINTS AVAILABLE FROM [IACHINE DESIGH 


Listed below are 18 different reprints of major 
articles which have appeared in MACHINE 
DESIGN .. . each a valuable supplement to 


your “working” library. To get your copies, 
simply indicate the desired number in the box 
opposite each title, dill in your name and ad- 
dress below, and send this form to MACHINE 
DESIGN Reader Service, Penton Building, 
Cleveland 13, Ohio. (Remittance enclosed will 
insure faster handling of your order.) 


USE THIS FORM we. ORDER YOUR COPIES TODAY! 


Number Price Per 
Copios Copy 


DIRECTORY OF MATERIALS—18th Edition 


PRODUCTION CHARACTERISTICS OF ENGINEERING 
METALS .... ae 


ADJUSTABLE-SPEED ELECTRIC-MOTOR DRIVES .... 1.00 
MECHANICAL ADJUSTABLE-SPEFD DRIVES ..... 1.00 
INTERNAL COMBUSTION ENGINES oC ee ee ys 
NONMETALLIC GASKETS rn .... 1.00 
QUALITY CONTROL METHODS 1.00 
WHY MACHINE PARTS FAIL EET OSES 
STRESS ANALYSIS IN DESIGN. .............. 1.00 
MULTIPLE CIRCUIT SWITCHES ................ 1.00 
ELECTRICAL CONNECTORS .................. 1.00 


TRANSACTIONS OF THE FIRST CONFERENCE ON 
MECHANISMS ...... -.. Free 


TRANSACTIONS OF THE SECOND CONFERENCE 
ON MECHANISMS ..... . 1.00 


MECHANISMS FOR INTERMITTENT MOTION .... 1.00 
POLYDYNE CAM DESIGN ........ Pe 
PRECISIOM GEARING ...................... 1.00 
EVALUATING ENGINEERS ................... 1.00 
ENGINEERING MANAGEMENT ............... 1,00 


Reader Service 
Penton Building $ 
Cleveland 13, Ohio 


() Remittance enclosed {[] Please bill me 


TOTAL COPIES 


TOTAL ORDER 


NAME 





TITLE 





COMPANY 





ADDRESS 





CITY ZONE STATE 
(Add 3% to all orders for delivery in Ohio te cover State Sales Tax.) 
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BUILD YOUR OWN 


AUTOMATIC DRILLING 
OR TAPPING MACHINE 


With Govro-Nelson Automatic Drilling 
and Tapping Units, together with the 
bases and electrical controls which we can 


3450 RPM. Drill Units have full Hy- 
draulic Control with external adjustment 
for the rapid approach, the rate of feed 


supply, you can build yourself an automatic 
drilling or tapping machine at substantially 
lower cost than a special machine. 

Any number of units may be employed. 
Examples of the various ways in which 
they may be arranged are shown at the 


right. 
DRILLING UNITS 


The Drilling Units are made in several 
sizes with spindle speeds from 1100 to 


Write for Literature 


and the length of stroke. Suitable for 
drills up to 44”, depending on material. 


TAPPING UNITS 


The Tapping Units are available in two 
sizes with 550 and 1725 RPM, spindle 
speed. Features include no clutch and no { OPPOSE 

lead screw and automatic adjustment for i "Sera" 
various leads. Suitable for tapping 0-80 to ANGULAR 
¥%-16, depending on material. ae 


GOVRO-NELSON CO. 


Machinists of Precision Parts for 34 Years 
1933 ANTOINETTE DETROIT 8, MICH. 


DRILLING UNIT 
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FEED 
EITHER 
END 


a lise seal pmb 
im | dead-tight shutoff 
|] B “0” Rings at top 
and bottem prevent 
stem leakage 


rT me 


in ‘ te°. 
oles pence : = erelelee.e.2, 
os 


Permits Automatic 


or Faster Hand Feeding 


WITH ABSOLUTE LEAK-PROOF SHUTOFF 


Identical ends of the Type “U’’ DRIV-LOK Pin have a AND “FINGER TIP” EASE CONTROL 


short pilot which permits easy insertion of either end 
into the hole. Result: Type “U” Pins can be fed 
automatically, or, because the operator need not 
examine the pin before insertion, manual feeding is 
faster and easier. Full length parallel grooves pro- 
vide maximum locking effect. Typical applications 
include keying gears, collars, knobs, handles to shafts. 


Write for the NEW DRIV-LOK Catalog. Contains 
full details on DRIV-LOK Grooved Fasteners. 


Circle Seal now offers a plug valve with entirely new design features! 
The ingenious use of three “0” Rings positively prevents leakage. The 
handle opens and closes. with absolutely no effort. The unique design 
eliminates adjusting nuts and springs making the valve adjustment and 
maintenance free for long service life. 

Wherever you use valves, specify Circle Seal — the finest quality. 


For detailed engineering data, write 


Circle Seal Products Co. 


incorporated 
PASADENA, CALIFORNIA 


DRIV-LOK PIN COMPANY 
Established 1935 
715 Chauncy Street, Sycamore, Illinois 
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find a low-friction seal 
that positively seals 

at extremely low 
pressures 


problem: 


new 
answer: 


minnesota 
rubber’s 
money-saving 
new 


evidence: 


THE LINDSAY COMPANY, world’s largest manufacturer 
of automatic home water softeners, uses three QUAD Rincs 
in its newest valve. Lindsay tested O-rings in the valve, but 
O-rings leaked at very low pressures. Then Lindsay tested 
Quap RInGs, a revolutionary new seal originated and manu- 
factured by Minnesota Rubber. Quap RinGs sealed perfectly 
no matter how low the pressure. The Lindsay Company also 
found that it could open some of the tolerances on the valve 
parts—and save money—because QuapD RINGs give such a 
good seal with low friction. 

Quap RInGs are injection molded. Denser, tougher. 4-lip 
action even seals at less than 1 psi! Only 60-100 micro-inch 
groove finish needed. No parting line on sealing surface. 
Eliminates “spiral twist’’. 


free samples and data: 


Free samples of QUAD RINGS are available with a descriptive 
brochure of technical information and installation data. 


QUAD RING is a Minnesota Rubber and 
Gasket Company trademark. 


minnesota rubber & gasket company 
Originators of modern rubber injection molding 
Dept. 805, 3630 Wooddale Ave. 
Minneapolis 16, Minnesota Phone WEst 9-6781 
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En gineers 


MECHANICAL DESIGN 


Means More 
Career Potential 


at the Small Aircraft Engine Dept. 
of General Electric 


You'll be working on such advanced and stimulating 
problems as how to develop a gas turbine with a 
power-weight ratio of more than 4 to 1—in the class 
of our T58, which delivers 1050 HP, weighs only 325 
Ibs. 


It involves the design of a variety of static and 
moving parts: compressors, combustors, turbines, con- 
trol components, gear and lube systems, 

It requires men with knowledge of high speed ma- 
chine design, and experience in any of the following 
fields: 


*stress analysis * ex mental analysis of 
mechanics *Solid mechanics * vibrations anal- 
ysis * mechanical analysis 

And at this young, decentralized department an able 
man quickly advances to a position of responsibility, 
aided in every way by General Electric’s outstanding 
benefits and a professional development program. 
And Boston's cultural and educational facilities— 
plus the recreational advantages of all New England 
—are within easy reach. 


Write in complete confidence to: 
Mr. T. S. Woerz (Section RA-1) 


Small Aircraft Engine Dept. 


GENERAL @@ ELECTRIC 


1000 Western Ave., West Lynn, Mass. 
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ENGINEERS 


AVAILABLE OR WANTED 











Fe mes roam 








| 


one ne ee 


WANTED: Engineers-Designers. We are looking for some 
permanent additions to our Machine Development Engineer- 
ing Staff. We create machinery to produce and package 
our own consumer products, in a stable non-defense in- 
dustry. Our interest is in both younger men with several 
years experience and senior, more experienced engineers. 
Write to Johnson and Johnson, Personnel Department, New 
Brunswick, New Jersey. Include salary requirements. 


WANTED: Assistant Chief Engineer—New England manu- 
facturer of specialized machinery has opening for mechani- 
cal engineer with broad experience in automatic machine 
design who can take complete charge of 30 man Engi- 
neering Division. Inventive and administrative ability are 
equally important. Excellent opportunity for qualified man. 
Send complete resume with first letter. All replies will be 
held in confidence. Present employees are aware of this 
opening. Address Box 910, MACHINE DESIGN, Penton Bldg.. 
Cleveland 13, Ohio. 
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Both KENNAMETAL’ _.. 


and KENTANIUM™ 
in Westinghouse 


liquid metal pump ¢ ‘A ; 


Bearings and thrust runners 
operate perfectly after 2000 hours 
handling sodium, NaK and 

other metals at 1050°F and above 


Kennametal and Kentanium are 
sharing in one of the engineering 
advancements of the year . . . the 
Westinghouse centrifugal liquid 
metal pump designed for the 
atomic power industry. Kenna- 
metal grade K9** and Kentanium 
K138A** were selected for the 
vital bearing and thrust runner 
parts which are lubricated by 
liquid metal with a film much 
thinner than oil lubricants. Sur- 
faces must not corrode and must 
be highly wear resistant to main- 
tain leak-proof seals . . . rugged 
requirements which Kennametal 
and Kentanium have met under 
gruelling tests. 


RUGGED ENDURANCE TEST: 
After 500 hours of operation with 
the pump stream at 1050°F (and 
120 psi head), the pump was taken 
down and the Kennametal and 
Kentanium parts examined. They 
showed no change. Now, after 
2000 hours of around-the-clock 
operation, these parts continue 


Cut-away view of Westinghouse pump to handle 
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liquid sodium, NaK or other metals at t 
tures up to 1500°F. Circles show bearings and 
thrust runners of Kennametal and Kentcnium, 
which meet the most rigid specifications of toler- 
ances and quality of material to provide con- 
tinuous, 100% leak-proof pumping operation for 
extended periods. 


pera 


operation in apparent perfect 
condition. Larger Westinghouse 
pumps now being built to handle 
sodium and NaK at 4000 gpm 
and 1500°F at 250 psi pump head 
include similar parts of Kenna- 
metal and Kentanium. 

These applications suggest the 
use of Kennametal or Kentanium 
wherever two surfaces rub to- 
gether or are forced together. . . 
especially under severe conditions 
as encountered in handling liquid 
metals or other difficult-to-handle 
materials. Such applications 
might include valve seats, rings, 
bushings, sleeves on shafts, etc. 
Kennametal engineers are pre- 
pared to assist you. They have 
years of accumulated experience 
in the development of hard carbide 
metals to meet special require- 
ments. Call or write KENNAMETAL 
Inc., Latrobe, Pennsylvania. 


*Trademarks of a series of sintered tungsten and 
titanium carbides. 


**Approved, Bureau of Ships Specification, Car- 
bide Stocks for Bearings, MIL-C-18482, 20/4/55. 
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JUST PUBLISHED! 


MADE BY THE PROCESS 


Elevated Temperature Drawing 
High Strength 
Free Machining 
° h Uniformity 
a new pr acess — wit Fatigue Resistance 


Wear Resistance 


a new combination of properties Dimensional Stability 


Plus Accuracy, Smooth Finish, and Straightness 


a new material—made by 





Use this coupon to request your copy T. M.—Trade-marks of La Salle Steel Company 
Please send me your new 24-page brochure,“ A New Material” 


La Slle STEEL CO. a 


1426 150th Street 
Hammond, Indiana 
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MECHANICAL ENGINEERS 
ELECTRICAL ENGINEERS 


Challenging 
jcb opportunities on 
the editorial staff of 


Here’s your chance to break in on a growing field where aggressive creative 
work is really appreciated. MACHINE DESIGN has staff openings for engi- 
neers with an interest in both engineering and editorial work. These jobs 
provide stimulating contact with many engineering areas plus opportunity to 


grow and progress as a specialist in a particular branch of design engineering. 


Some evidence of design engineering experience is necessary, and an ME or 
EE degree would be desirable. Writing ability and interest are also required, 


although a heavy background of editing or writing is not essential. 


Salary will depend on experience; progress for the right man can be rapid. 
Headquarters are in Cleveland with opportunities for travel to attend engi- 


neering meetings and expositions. 


If you are interested, send full details of your engineering background to the 


Editor, MACHINE DESIGN, Penton Building, Cleveland 13, Ohio. 
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You may not need clock drives, but time 
(production time) is a problem everywhere— 


and that calls for the most dependable, most 
efficient use of electric drives—like here! This 
clock, with 300 Ibs. of hands and four 24-foot 
dials is powered by a Master Gearmotor driv- 
¢ ing a precision gear train. With that accurate 
Master drive, here’s a one-jewel clock! 


Are you sure you’ve got the right answer to 
your drive requirements? Master components 
can be integrated in any combination to give 
you the right horsepower, right shaft speed, 
right mounting features, in a single, efficient, 
compact unit. Now’s the time to let us prove it. 


MASTER ELECTRIC 
MOTORS 





ee ANOTHER DRIVE REQUIREMENT MEETS ITS 


Motor Ratings... to 400 H.P. All phases, voltages, frequencies. 


Motor Types........ Squirrel cage, slip ring, synchronous, repulsion- 
start induction, capacitor, direct current. 


Construction Open, enclosed, splash-proof, fan-cooled, ex- 
plosion-proof, special purpose, 


Speeds......... Single-speed, multi-speed, and variable speed. 


Installation Horizontal and vertical, with or without flanges 
. and other features. 
Power Drive 
Features Electric brakes (2 types) —5 types of gear re- 
duction up to 432 to 1 ratio. Mechanical and 
electronic variable speed units—fluid drives— 
every type of mounting. 


THE MASTER ELECTRIC COMPANY 


Dayton 1, Ohio 


Circle 402 on page 19 





New design cuts setup time — 
TIMKEN’ bearings up precision 


eS it has no cams to change, 
this Warner & Swasey 2AC Single 
Spindle Chucking Automatic sets up 
fast like a turret lathe, gives you auto- 
matic operation without the usual 
time-consuming setup procedures. 

And among the many design fea- 
tures contributing to the lasting pro- 
duction accuracy of the 2AC is the 
mounting of the spindle on Timken® 
tapered roller bearings. 

Because of their tapered design, 
Timken bearings take radial and 
thrust loads in any combination, hold 
the spindle in rigid alignment. 


Full line contact between Timken 
bearing rollers and races provides 
maximum load-carrying capacity. 
And, because Timken bearings are 
built to last the life of the machine, 
maintenance costs go down. 


Timken bearings also save power 
because they practically eliminate fric- 
tion. They are geometrically designed 
to give true rolling motion, precision 
manufactured to live up to their design. 
And to be sure we get steel good enough 
for Timken bearings, we make our own 
fine alloy steel. We’re America’s only 
bearing manufacturer that does. 


No other bearings give you all the 
advantages that Timken bearings give 
you. That’s why so many manufac- 
turers of equipment that must have 
dependable bearing performance use 
them. Whether you buy or build ma- 
chinery, be sure to specify Timken 
bearings. Look for the trade-mark 
“Timken” on every bearing. The 
Timken Roller Bearing Company, 
Canton 6, Ohio. Canadian plant: St. 
Thomas, Ont. Cable: ‘*TIMROSCO”’, 


This symbol on a product means 
its bearings are the best. 





HOW WARNER & SWASEY mounts the spindle of its 2AC 
Single Spindle Chuckitig Automatic on Timken bearings 
to get maximum rigidity, precision and steady machine 


Operation. 


TIMKEN 


TAPERED ROLLER BEARINGS 


NOT JUST A BALL (> NOT JUST A ROLLER © 


THE TIMKEN TAPERED ROLLER 








STATISTICAL 
QUALITY CONTROL 





To insure uniform high qual- 








ity and closer tolerances, the 
Timken Company uses sta- 
tistical quality control. With 
it, tolerance deviations are 





plotted graphically, It's one 
of industry's newest, most 











scientific methods of im- 
proving product uniformity. 
































BEARING TAKES RADIAL 


Circle 403 on page 19 


AND THRUST 


LOADS OR ANY COMBINATION ~[ )- 





